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Description 

[0001 J This invention relates to thrombin inhibitors which are useful anticoagulants in mammals. In particular it relates 
to L-arginine aldehyde derivatives having high anticoagulant activity, antithrombotic activity, and thrombin selectivity. 
6 [0002] The process ot blood coagulation, thrombosis, is triggered by a complex proteolytic cascade leading to the 
formation of thrombin. Thrombin proteolylically removes activation peptides from the Act-chains and the Bp-chains of 
. fibrinogen, which is soluble in bbod plasma, initiating insoluble fibrin formation. 
[0003] Anticoagulation is currently achieved by the administration of heparins and coumarins. 
[0004] Parenteral pharmacological control of coagulation and thrombosis is based on inhibition of thrombin through 
10 the use of heparins. Heparins act indirectly on thrombin by accelerating the inhibitory effect of endogenous antithrombin 
III (the main physiological inhibitor ot thrombin). Because antithrombin III levels vary in plasma and because surface- 
bound thrombin seems resistant to this Indirect mechanism, heparins can be an ineffective treatment. Because coag- 
ulation assays are believed to be associated with efficacy and with safety, heparin levels must be monitored with 
coagulation assays (particularly the activated partial thromboplastin time (APTT) assay). Coumarins impede the gen- 
ts eration of thrombin by blocking the posttranslational gamma-carboxylation In the synthesis of prothrombin and other 
proteins of this type. Because of their mechanism of action, the effect of coumarins can only develop slowly, 6-24 hours 
after administration. Further, they are not selective anticoagulants. Coumarins also require monitoring with coagulation 
assays (particularly the prothrombin time (PT) assay). 

[0005] Recently, interest in small synthetic peptides that are recognized by proteolytic enzymes (h a manner similar 
20 to that of natural substrates has grown. Tripeptide aldehydes such as D-Phe-Pro-Arg-H, Boc-D-Phe-Pro-Arg-H, and 
D-MePhe-Pro-Arg-H, Bajusz et at., J. Med. Chem. , 33, 1729-1735 (1990) demonstrate potent direct inhibition of 
thrombin. Many investigators have synthesized analogs in an effort to develop pharmaceutical agents, for example 
Shuman et al.. J. Med. Chem., 36, 314-319 (1993), as well as European Patent Applications, publication numbers 
479489 and 542525. 

25 [0006] Peptide derivatives which inhibit thrombin are disclosed in WO-A-9311152, WO-A-9315756, EP-A-606003 
and US-A-5250660. 

[0007] Although the heparins and coumarins are effective anticoagulants, and no drug has yet emerged from the 
known tripeptide aldehydes, and despite the continuing promise for this class of compounds, there exists a need for 
anticoagulants that act selectively on thrombin, and independent of antithrombin III, exert inhibitory action shortly after 
30 administration, and do not interfere with lysis of blood clots, as required to maintain hemostasis. 

[0008J The present invention is directed to the discovery that the compounds of the present invention, as defined 
below, are potent, selective thrombin inhibitors. 

[0009] Accordingly, it Is a primary object of the present invention to provide novel L-arginine aldehyde derivatives 
that are potent thrombin inhibitors useful as anticoagulants. 
3S [0010] Other objects, features, and advantages will be apparent to those skilled in the art from the following descrip- 
tion and claims! 

[0011] The present invention provides a thrombin inhibiting compound having the formula 

40 {? H H NH 

Y-C-X-N-CH- <CH2)3-N-C-NH 2 

0=0 

45 K * 



where 



R 1 is hydrogen; 

X is prolinyl or azetidinyl-2-carbonyl; 
Y is a group 
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Z 




R 4 

10 where 

R3 is alkyl; 
Z 1 is a bond or -CH 2 -; 

R 4 is unsubstrtuted or monosubstrtuted phenyl; and 
is Z is -NHR 2 , where 

R 2 is -{C=0)R5 in which R 5 is a 9 or 10 membered unsubstituted or monos instituted fused bicyclic heterocyclic 

group having one nitrogen atom; or 

R 2 is a group -S0 2 R 6 in which R 6 is C r C 4 alkyl; or 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted saturated heterocyclic 

20 ring having one or two nitrogen atoms; 

and further where any aryl or heterocycle is unsubstituted or monosubstituted with a substituent that will afford a 
stable structure independently selected from halo, hydroxyl, C^-C^ alkyl, C 1 -C 4 alkoxy, amino (-NH 2 ), mono(C r C 4 
a!kyl)amino, mercapto, and (C r C 4 alkyl)thto (-S(0) p C r C 4 alkyl), -NHS(0) p C 1 -C 4 alkyl). NHC(0)C r C 4 alkyl, -S 
(0) p NH 2 , -S(0) p NH{C,-C 4 alkyl), and.-S{0) p N(C 1 -C 4 a!kyl) 2 . where p is 0, 1 or 2; 

25 or a pharmaceutical^ acceptable salt thereof; or a pharmaceutically acceptable solvate of said compound or salt 

thereof, 

[0012] In addition to the compounds of formula I, the present invention provides pharmaceutical formulations com- 
prising a compound of formula I in association with a pharmaceutically acceptable carrier, diluent or excipient 
30 [001 3] The present invention also provides a method of inhibiting coagulation in mammals comprising administering 
to a mammal in need of treatment, a coagulation inhibiting dose of a compound of formula I. 
[0014] The present invention further provides a method of inhibiting thrombin comprising administering to a mammal 
in need of treatment, a thrombin inhibiting dose of a compound of formula I. 

[0015] Further, the present invention provides a method of treating thromboembolic disorders comprising adminis- 

35 tering to a mammal requiring treatment an effective dose of a compound of formula I. 

[0016] Tnts invention relates to new inhibitors of thrombin, pharmaceutical compositions containing the compounds 
as active ingredients, and the use of the compounds as anticoagulants for prophylaxis and treatment of thromboembolic 
disorders such as venous thrombosis, pulmonary embolism, arterial thrombosis, in particular myocardial ischemia, 
myocardial infarction and cerebral thrombosis, general hypercoagulable states and local hypercoagu table states,. such 

to as following angioplasty and coronary bypass operations, and generalized tissue injury as it relates to the inflammatory 
process. 

[0017] The term 'alkyl" by itself or as part of another substituent means a straight or branched chain alkyl radical 
having the stated number of carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl and sec- 
. butyl. 

45 [001 8] The term "alkoxy* means a straight or branched chain alkyl radical having the stated number of carbon atoms 
bonded to the parent moiety by an oxygen atom. The term "halo" means chloro, fluoro, bromo or iodo. 
[0019] The term "ditC^ alkyi)amtno" means a group -N(C r C 4 alkyl) 2 where each alkyl group, independently, has 
the stated number of carbon atoms. 

[0020] The term "perftuoroatkyr means a straight or branched chain alkyl radical having the stated number of carbon 
50 atoms with all available valences substituted with fluoro atoms such as trtfluoromethyt and pentafluoroethyl. 

. [0021] The term "5 or 6 membered heterocyclic ring" means any 5 or 6 membered ring that will afford a stable 
structure containing one or two nitrogen atoms; one sulfur atom; one oxygen atom; one nitrogen and one sulfur atom; 
or one nitrogen and one oxygen atom. The 5-membered ring has one or two double bonds and the 6-membered ring 
has two or three double bonds. Heterocyclics include turyl, thienyl, pyrrolyl. pyrazoryl, oxazoly!, isoxazolyl, thiazolyl, 
55 isothiazolyl, pyranyl, pyridinyl, pyrimidinyt, pyrazinyl, oxazinyl and thiazinyl. 

[0022] The term *9 or 10 membered heterocyclic ring" means any fused bicyclic heterocyclic group in which any of 
the above 5 or 6 membered rings is fused to a benzene ring a cyclohexane ring, or another 6 membered heterocyclic 
ring, as defined above, that will afford a stable structure. These heterocyclics include indolyl, benzothienyl, benzofuryl, 
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benzoxazolyl, benzoisoxazoryl, benzopyrazoryl, quinolinyl, isoquinolinyl, benzimidazolyl and benzothiazolyl. 
[0023] The term '9 or 1 0 membered bicycljc hydrocarby I group" means a fused blcyclic group 




where 

Q is -CH 2 - -CH=CH- or -CH 2 -CH 2 -; 
is z Is as shown and defined above for Formula I; and the dotted lines mean the presence or absence of unsaturate 
in the ring. 

[0024] Representative examples of these fused bicyclic groups include indanyl, dihydronaphthyl and tetrahydronaph- 
thyl. , 

20 [0025] the groups 



25 



30 




are referred to as proltnyl and azetidine-2-carbonyl, respectively, and are respectively abbreviated Pro and AzL 
35 [0026] in the representation of Formula I, the carbonyl functionality of X is attached to the amino group drawn in 
Formula I. 

[0027] It will be appreciated that many of the above heterocycles may exist in tautomeric forms. All such forms are 
Included within the scope of this invention. - . 

[0028] . All of the above aryl, heterocycles, andbicyclic hydrocarbyls are unsubstituted or substituted with one or two 
40 substituents that will afford a stable structure independently selected from halo, hydroxyl, C^-C A alkyl. OyC A alkoxy, 
amino (-NH 2 j, (mono(C r C 4 alkyl) amino, mercapto, and {0^-C 4 alkyl)thio (-S(0) p C 1 -C 4 alkyl), -NHSfOyC^-C^ alkyl), 
NHC(0)C r C 4 alkyl, -S(0)pNH 2 , -StC^Nmc^ alkyl), and -S(0) p N(C r C 4 ) alkyl^, where p is 0,1 or 2. 
[0029] The asterisks in formula I and substituent x denote a chiral center that is (L). 

[0030] In addition, diastereomers exist at the Y substituent and, depending on substitutions on said Y substituent, 
45 further diastereomers may exist. The compounds of the present invention include mixtures of two or more diastereomers 
as well as each individual isomer. 

[0031] Preferred compounds of the present invention are those compounds of formula I as defined above where 

. Z is -NHR 2 , where 
so R 2 is -C(C=0)R 5 or -SfO^-R 5 ; 

R 3 is C,-C 4 alkyl; 

R 4 is unsubstituted or substituted aryl where aryl is phenyl or naphthyl; 

R 5 is C r C 4 alkyl, C r C 4 alkoxy, a 5 or 6 membered unsubstituted or substituted heterocyclic ring having one or 
two nitrogen atoms, or a 9 or 10 membered unsubstituted or substituted fused bicyclic heterocyclic group having 
55 one or two nitrogen atoms; 
n is 1 or 2; or 

Z is taken together with R 3 to afford an azetidiny I group, a 5 or 6 membered unsubstituted or substituted heterocyclic 
ring having one or two nitrogen atoms or a 9 or 1 0 membered unsubstituted or substituted fused bicyclic heterocyclic 
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group having one or two nitrogen atoms; 

and where X, Z 1 and R 1 are as defined above for formula I; and pharmaceutical^ acceptable salts and solvates 
. thereof, 

5 [0032] A first, particularly preferred group of compounds of the-present invention are those compounds of formula I 
as defined above where ' 

R 1 is hydrogen; 
Z is -NHR 2 , where 
. 10 R2 is <:(C=0)R5; 

R 3 is C r C 4 aikyl; 
7> is -CH 2 -; 

R 1 * is unsubstituted or monosubstituted phenyl; 

R 5 is C t -C 4 alkoxy, or a 9 or 10 membered unsubstituted or monosubstrtuted fused bicyclic heterocyclic group 
is having one nitrogen atom; and X is as defined above for formula I, and pharmaceutical^ acceptable satts and 

solvates thereof. 

[0033] A second particularly preferred group of compounds of the present invention are those compounds of formula 
(where 

20 ' ■ 

R 1 is hydrogen; 
. Z is -NHR 2 where 
R2is-S0 2 R5; 
R3 is aikyl. . 

25 R 4 is unsubstituted or monosubstituted phenyl; , 

R 5 is C r C4 aikyl; and X and Z 1 are as defined above for formula 1, and pharmaceutical^ acceptable salts and 
solvates thereof, 

[0034] A third group of particularly preferred compounds of the present invention are those compounds of formula I 
30 where 

R 1 is hydrogen; 
Z is -NHR 2 ; 

R 4 is unsubstituted or monosubstrtuted phenyl; and 
55 R3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted heterocyclic ring 

having one or two nitrogen atoms; and X is as defined above for formula I, and pharmaceutically acceptable salts 
and solvates thereof. 

[0035] As mentioned above, the invention includes pharmaceutically acceptable salts of the compounds defined by 
*o the above formula I. A particular compound of this invention can possess one or more sufficiently basic functional 
groups, and accordingly react with any of a number of nontoxic inorganic and organic acids, to form a pharmaceutically 
acceptable salt. Acids commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, 
hydrobromic acid, hydrotodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such as jMoluenesul- 
fonic, methanesulfonic acid, oxalic acid, g-bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic 
45 acid, acetic acid, and the like. Examples of such pharmaceutically acceptable salts thus are the sulfate, pyrosulfate, 
bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophos- 
phate, chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate, isobutyrate, caproate, 
heptanoate, propiotate, oxalate, malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, 
hexyne-1 ,6-dbate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, 
so phthalate, sulfonate, xylenesulfonate, phenylacetate, phenylpropionate, phenyibutyrate, citrate, lactate, gamma-hy- 
droxybutyrate, grycollate, tartrate, methanesutfonate, propanesulfonate, naphthalene-1 -sulfonate, naphthalene-2-sul- 
f onate, mandelate, and the like. Preferred pharmaceutically acceptable acid addition salts are those formed with mineral 
acids such as hydrochloric acid, hydrobromic acid and sulfuric acid. 

. [0036] As stated above, the present invention includes solvates of the compounds of Formula I and the pharmaceu- 
55 tically acceptable satts thereof. A particular compound of the present invention or a pharmaceutically acceptable salt 
thereof may form solvates with water or common organic solvents. Such solvates are included within the scope of 
compounds of the present inventbn. 

[0037] A compound of formula I is prepared by removing simultaneously or sequentially the protecting group(s) P of 
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a corresponding compound of formula II 



PY-C-X-N-CH- (CH 2 )3-N— C-NHP 

r° 

R 1 II 

wherein P on the guanidino group represents an amino protecting group and PY represents a radical Y which 
may bear an independently selected amino protecting group P for a compound of formula I in which Y includes a basic 
NH moiety; whereafter, when a salt of the compound of formula I is required, forming the salt with a pharmaceutically 
acceptable acid. For example, a compound of formula II in which the amino protecting group(s) is(are) benzyloxycar- 
bohyl may be converted Into the hydrochloride of the corresponding compound of formula I by hydrogenolysis at at- 
mospheric pressure over palladium on carbon catalyst in dilute ethanolic hydrochloric acid. A compound of formula II 
also is represented by the formula PY(C=0)-X-Arg(P)-H in which X is Pro (prolinyl) or Azt (azetidinyl-2-carbonyl). 
[0038] The compounds ol formula 1 are prepared by known methods of peptide coupling: According to one such 
method the acid PY-COOH, where Y has the same meanings as defined for formula I, and P is an amino protecting 
group, is coupled with a carboxy protected proline (or azetidine-2-carboxy ester) to form the dipeptide. The carboxy 
protecting ester group of the proline moiety is then removed {deblocked or deesterified) and the free acid form of the 
djpeptide is coupled with the lactam form of arginine. The above reaction sequence is illustrated by the. following 
Scheme 1: 



PY-COOH + proline ester- 



O 

PY-C-N ^ I (a) 
COO ester 



(a , deesterif^ pY . (c=Q) . pro _ 0H (b) . 

\ 



H 2 N V 

(b) , , 

40 II +~ PY-(C=0)-Pro-Arg(P) lactam 



■J) 



I (c) 
f =NH 

wherein P represents an amino protecting group. 

The coupled Arg(P) lactam product (c) is reacted with a hydride reducing agent, preferably lithium aluminum hydride 
or lithium tri-tert-butoxyaluminohydride, in an inert solvent or mixture of solvents to reduce the lactam ring and provide 
so the tripeptide in the arginine aldehyde lorm represented by the formula PY(C=0)-Pr6-Arg(P)-H wherein (P) represents 
amino protecting groups. 

[0039] The protecting groups are removed by procedures known to those skilled in the art such as hydrogenation 
over a metal catalyst. 

[0040] The lactam form of arginine is obtained by intramolecular coupling of amino protected arginine [Arg-OH]. For 
ss example, Boc-ArglCbzJOH, represented by the formula. 
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BOC-NH-CH- {CH 2 ) 3 -NH-C (=NH)-NHCbz 
I 

COOH 

where Boc is t-butyloxycarbonyl and Cbz is benzyloxycarbonyl, is first converted to an active ester form, such as an 
active mixed anhydride, with a chloroforniate ester, e.g. ethyl cntoroformate to isobutyl chloroformate. The ester for- 
mation is carried out in the presence of a tertiary amine such as N-methylmorpholine. Addition of further or another 
tertiary amine base, such as triethytamine or diisopropylethylamine, effects the internal acylation to provide the lactam 
form of the di-amlno protected arginine as shown below 



BOCNH 



I 

C=NH 
I 

NH^Cbz 



Prior to use in the coupling with the PY(C=0)-Pro-OH as shown in the above scheme, the Boc or other amine protecting 
group is selectively removed with trifluoroacetic acid or HCI to provide the requisite free amino group. 
[0041] The coupling ot an PYCOOH compound with a proline ester, when Y is as defined above for formula I, is 
carried out by first protecting the amino group of the amino acid. Conventional amino protecting groups commonly 
used for temporary protection or blocking of the amino group are employed. 

[0042] The aminorprotecting group refers to substituents of the amino group commonly employed to block or protect 
the amino functionality while reacting other functional groups on the compound. Examples of such amino-protecting 
. groups include the formyl group, the trityl group, the phthatimido group, the trichloroacetyl group, the chtoroacetyj, 
bromoacetyl and iodoacetyl groups, urethane-type blocking groups such as benzyloxycarbonyl, t-butoxycarbonyl 
4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyI, 4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl, 

4- chlorobenzyloxycarbonyI, 3-chlorobenzyloxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 
. 4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl, 2- 

(4-xenyl)isopropoxycarbonyl, 1 , 1 -diphenyleth-1 -ytbxycarbonyl, 1 , 1 -dipheny lprop-1 -y loxycarbonyl, 2-phenytprop- 
2-yloxycarbonyl, 2-(p-toluyl)prop-2-yloxycarbonyl, cyclopentanyloxycarbonyl, 1 -methylcyclopentanyloxycarbonyl, cy- 
clohexanyloxycarbonyl, 1-methylcyclohexanytoxycarbonyl, 2-methylcyclohexanyloxycarbonyl, 2-<4-toluylsurfbnyl) 
ethbxycarbonyl, 2-(methylsulfonyl)ethoxycarbonyl, 2-(triphenylphosphino)ethoxycarbonyl, 9-fluoroenylmethoxycarbo- 
nyl ("FMOC"), 2-(trimethylsilyl)ethoxycarbonyl, ally loxycarbonyl, 1-(trimethylsilylmethyl)prop-1-enyloxycarbonyl, 

5- benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 2,2,2-trichlorethoxycarbonyl, 2-ethynyl-2-propoxycarb- 
onyl, cyclopropylmethoxycarbonyl, 4*(decyloxy)benzyloxycarbonyl, isoborny loxycarbonyl, 1 -piperidyloxycarbonyl and 
the like; the benzoylmethylsulfonyl group, the 2-(nitro)phenylsulfenyl group, the diphenylphosphine oxide group, and 
the like amino-protecting groups, the species ot amino-protecting group employed is not critical so long as the deri- 
vattzed amino group is stable to the condition of subsequent reaction(s) on other positions ot the molecule and can be 
removed at the appropriate point without disrupting the remainder of the molecule. Preferred amino-protecting groups 
are the benzyloxycarbonyl, allyloxycarbonyl, t-butoxycarbonyl, and trityl groups. Similar amino-protecting groups used 
in the cephalosporin, penicillin and peptide art are also embraced by the above terms. Further examples of groups 

: referred to by the above terms are described by J. W. Barton, "Protective Groups in Organic Chemistry", J. G. W. 
McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 2, and T W. Greene, "Protective Groups in Organic 
Synthesis", John Wiley and Sons, New York, N.Y., 1981, Chapter 7. The related term "protected amino" defines an. 
amino group substituted with an amino-protecting group discussed above. . 

[0043] . In carrying out the coupling reaction, an ester protecting group for proline is employed which is removable by 
conditions under which the amino protecting group remains intact. The amino protecting group of the acylating acid 
PYCOOH thus remains in place tor protection of the amino group during the subsequent coupling with the arginine 
lactam compound to form (c). 

[0044] The carboxy protecting ester group as used in the specification refers to one of the ester derivatives of the 
. carboxylic acid group commonly employed to block or protect the carboxylic acid group while reactions are carried out 
on other functional groups on the compound.- Examples of such carboxylic acid protecting groups include C 1 -C 3 alkyl, 
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benzyl, 4-nitrobenzyl, 4-methoxybenzyl t 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, 2,4,6-tri- 
methylbenzyl, pentamethylbenzyl, 3,4-methylenedioxybenzyi, benzhydryl, 4,4'-dimethoxybenzhydryl, 2,2\4,4 , -tetram- 
ethoxybenzhydryl, t-butyl, t-amyl, trityl, 4-methoxytrityl, 4,4'-dimethoxytrityl, 4,4\4'Mrimethoxytrityl, 2-phenylprop-2-yl, 
trimethyisilyl, t-butyldimethyisiiyl, phenacyl, 2,2,2-trichloroethyl, 2-<trimethylsily!)ethyl, 2-{di{n-butyl)methylsilyl)ethyl, p- 
ioluenesutfonylethyl, 4-nitrobenzylsulfonylethyI ( allyl, cinnamyl, 1-(trime%isilylmethyl)-prop-1-en-3-yl, and like moie- 
ties. The species of carboxy-protecting group employed is not critical so long as the derivatized carboxylic acid is stable 
tome conditions of subsequent reactbn(s) on other positions of the molecule and can be removed at the appropriate 
point without disrupting the remainder of the molecule. In particular, it is important not to subject the carboxy-protected 
molecule to strong nucleophilic bases or reductive conditions employing highly activated metal catalysts such as Raney 
nickel. (Such harsh removal conditions are also to be avoided when removing amino-protecting groups discussed 
below.) Preferred carboxy protecting groups are C r C 3 alkyl and benzyl? Further examples of these groups are found 
in E. Haslam, "Protective Groups in Organic Chemistry*, J.G.W. McOmie, Ed., Plenum Press, New York, N.Y. , 1973, 
Chapter 5, and T. W. Greene, "Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N Y ' 1 981 ' 
Chapters. ' 

[0045] The compounds of formula I where X is azetidinyl (or proliny!) are prepared in an analogous manner by known 
methods of peptide coupling. According to one such method, the cyclic lactam form of arginine (e) is prepared and 
coupled with an amino protected azetidine-2-carboxylic acid (d) as shown below to afford the dipeptide (f ) 



25 



30 




where P represents an amino protecting group such as the benzyloxycarbonyt (Cbz) group, t-butoxycarbonyl (Boo), 
p-toluenesuffonyl, and the like. Preferably the amino protecting group used is removable by hydrogenation or treatment 
with mild acid (e.g. trifluoroacetic acid) or a strong acid (e.g. HCt). Examples of other suitable amino protecting groups 
are provided in "Protective Groups in Organic Synthesis", Second Edition, by T. W. Greene and Peter G. M. Wuts, 
Chapter 7, page 309-405 (1991), John Wiley & Sons. Inc., publishers. The Boc, or other suitable protecting group, is 
removed from the azetidine .ring nitrogen which is then acylated with the desired amino acid acyl group to afford the 
tripeptide shown below. 




[0046] Although illustrated and described for those compounds of the present invention where X is azetidinyl-2-car- 
bonyt, one skilled in the art will appreciate these procedures can also be used to afford those compounds of the present 
£5 invention where x is prolinyl. 

[0047] The coupled Arg(P) lactam product (g) is reduced with a hydride reducing agent, preferably lithium aluminum 
hydride or lithium tri-tert-butoxyaluminohydride in an inert solvent or mixture of solvents to reduce the lactam and 
provide the tripeptide in the arginine aldehyde form represented by the formula PY(C=0)-Azt-Arg(P)-H wherein P 
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represents an amino protecting group. The protecting groups are removed by procedures known to those skilled in the 
art such as hydrogenatbn over a metal catalyst. The protecting groups may be removed from the Y-group and from 
the arginal group simultaneously or sequentially, depending upon the protecting groups utilized. 
[0048] Alternatively, the compounds of the invention are prepared by coupling the PYCOOH acid with carboxy pro- 
tected 2-azetidine-carboxylic acid. The carboxy is deprotected as the dipeptide which is then coupled w|th the amino 
protected arginine in the lactam form prepared as described above. The tripeptide is then reduced to provide the amino 
protected arginal tripeptide as described above. 

[0049] The coupling of an PYCOOH compound is carried out by first protecting the amino group of the amino acid. 
Conventional amino protecting groups commonly used for temporary protection or blocking of the amino group are 
employed. Examples of such protecting groups are described above. 

[Q05q The coupling reactions described above are carried out in the coid preferably at a temperature between about 
-20 °C and about 15 °C. The coupling reactions are carried out in an inert organic solvent such as dimethylfonmamide, 
dimethylacetamide, tetrahydrofuran, methylene chloride, chloroform, and like common solvents or a mixture of such 
solvents. Generally anhydrous conditions are used when, in the coupling reaction, an active ester of the acylating acid 
Is used. 

[0051] For those compounds of formula I where the intermediates for the Y substituent (i.e., a, (^substituted amino 
acids of formula Y-COOH) are not commercially available, the starting amino acid derivatives can be readily prepared 
by the methods illustrated below in scheme 2. A suitable cc-amino ester is condensed with benzophenone imine and 
the resulting imines are deprotonated with a strong base such as potassium t-butoxide or lithium bis(trimethylsilyl) 
amide. The resulting carbanions are then treated with an appropriate electrophite such as primary alkylhalides, allylic 
alkyl halides or benzyfic alkyl halides. The imine can then be removed by treatment with aqueous acid (from about 1 
N to about 3 N inorganic acid, preferably HCI) and the resulting amino acid derivative can be carried on to the com- 
pounds of formula I as described above. 



Scheme 2: 
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[0OS2] In Scheme 2, Z 1 , R 4 and R 3 are as defined for formula I, L is a good leaving group, preferably halo, and "ester" 
is a suitable carboxy protecting group, preferably C,^ alkyl. The compound (1) is further reacted using convential 
synthetic procedures to afford the desired Z substituent as defined for formula I. Such procedures include blocking the 
amino group with a suitable protecting group, deblocking the carboxy group and then carrying out coupling to afford 
the compounds of the present invention as described above. 

[0053] An a-amino acid ester which is N-substituted.(such as Azt) (ie., those compounds of formula I were Z is -NHR 2 
and is taken together with R3) can be a-substituted directly, using a strong base {such as lithium diisopropyl amide, 
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LDA) and an electrophile F^-Z^L, where R 4 and Z 1 are defined for formula I and L is a good leaving group, preferably 
halo, provided a nitrogen protecting group (P) is employed which is stable to the basic reaction conditions. 
[0054] Both ot the above procedures for ct-substituting an a-amino acid ester afford a mixture of enantiomers which 
can be separated or carried forward as a racemtc mixture. 
6 [0055] A further method for preparing suitable a^substituted-a-amino acids (substituent Y of formula 1 ) is by means 
of the Strecker synthesis. Generally, a-amino nitriles are prepared by the treatment of an aldehyde or ketone with 
NaCNandNH 4 CI. Further details regarding this synthetic method, and variants thereof, are in March. Advanced Organic 
Chemistry , 3rd Ed, John Wiley & Sons, Inc. (1985), pp. 655-856, 

[0056] The compounds of the invention are isqlated best in the form of acid addition salts. Salts of the compounds 
10 of formula I formed with acids such as those mentioned above are useful as pharmaceutically acceptable salts for 
administration of the antithrombotic agents and tor preparation of formulations of these agents. Other acid addition 
salts may be prepared and used in the isolation and purification of the peptides. For example, the salts formed with 
the sulfonic acids such as methanesulfonic acid, n-butanesutlonic acid, p-loluenesulf onic acid and naphthalenes utf onic 
acid may be so used. 

is [0057] The preferred method for purifying the compounds of formula I, while at the same time preparing a desired 
stable salt form, is that described in U.S. Patent 5,250,660. According to the method, stable sulfates or hydrochlorides 
are provided by preparative purification over C 1B reversed-phase chromatography in which the aqueous component 
comprises sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile is the organic component. The pH of the acidic 
eluant is adjusted to between about pH 4 and about 6 with a basic anion exchange resin In the hydroxy I form, e.g. Bio- 

20 Rad AG-1 X8. After adjustment of the pH, the solution of tripeptide sulfate or hydrochloride salt is lyophilized to provide 
the pure salt in dry powder form. In an example of the process, crude EtOCO-D-Phe(aMe)-Pro-ArgH«HCI is dissolved 
in water and the solution is loaded on a Vydac C 18 RPHPLC column (5 cm X 50 cm). A gradient (10 mUnin) of 2 
through 20% B (Solvent A = 0.05% HCl; Solvent B = acetonitrile) over 2B0 min, followed by isocratic 20% B through 
400 min is used. Multiple fractions are collected and those containing product as determined by analytical RPHPLC 

25 are. pooled. The pH of the pooled fractions is adjusted to 4.5 with AG-1X8 resin in hydroxide form (Bio-Rad, 3300 
Ragatta Blvd., Richmond, CA 94804). The solution is filtered and the filtrate is lyophilized to provide the pure D-.L-.L- 
tripeptide in the form of the hydrochloride salt. 

[0058] The optically active isomers of the diastereomers of the Y substituent are also considered part of this invention. 
Such optically active isomers may be prepared from their respective optically active precursors by the procedures 
30 described above, or by resolving the racemic mixtures. This resolution can be carried out by derivatization with a chiral 
reagent followed by chromatography or by repeated crystallization. Removal of the chiral auxiliary by standard methods 
affords substantially optically pure isomers of the compounds of the present invention or their precursors! Further 
. details regarding resolutions can be obtained in Jacques, et at.. Enantiomers, Racemates, and Resolutions , John Wiley 
& Sons, 1981. 

35 [0059] The compounds employed as initial starting materials in the synthesis of the compounds of this invention are 
well known and, to the extent not commercially available, are readily synthesized by standard procedures commonly 
employed by those of ordinary skill in the art 

[0060] The following Examples are provided to further describe the invention and are not to be construed as limitations 
thereof. 

40 [0061]. The F»f values in the following examples, unless otherwise stated, were determined by silica gel thin layer 
chromatography using Kieselgel 60F-254 (Merck, Darmstadt) in the following solvent systems: 

(A) chtoroform-methanol-acetic acid, 135:15:1, v:v:v 

(B) ethyl acetate-acetic acid-absolute ethanol, 90: 1 0; 1 0, v;v:v. 
45 ' . (C) chtoroform-methanol-acetic acid, 90; 30:5, v:v:v 

(D) ethyl acetate 

[0062] The analytical HPLC methods used in the examples were as follows: 

[0063] Method 1 . Waters 600 E using a Vydac C 1B reversed-phase column of 0.46 cm x 10 cm. The chromatogram 
so was monitored on an LDC at 214 nM using a gradient of A = water containing 0.1% (v:v)TFA and B = acetonitrile 
containing 0.1% (v:v) TFA 

[0064] Method 2. Pharmacia FPLC using a Vydac C 18 reversed-phase column measuring 0.46 cm x 10.0 cm. Mon- 
itoring was done on a Pharmacia UV-M at 214 nM using a gradient of either A = water containing 0.1% (v:v) TFA or B 
= acetonitrile containing 0.1% (v:v) TF A. 
55 [0065] Method 3 : Hitachi L-6200 using a Vydac C18 reversed-phase column of 0.46 cm x 10 cm. Samples were 
eluted using a gradient composed of A (0.1% (v:v) aqueous TFA) and B (0.1% (v:v) TFA in acetonitrile). The chroma- 
togram was monitored at 21 4 nm using a L-4000 UV detector. 
[0066] The abbreviations used in this specification have the following meanings. 
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[0067] Amino acids: Arg = arginine, Pro = proline, Azt = azetidine-2-carboxylic acid 

Boc = t-butyloxycarbonyl (t-butoxycarbonyl) 

Bzl or Bn = benzyl 
5 Cbz = benzytoxycarbonyl 

DCC = dicyclohexylcarbodiimide 

DMF = dimethylformamide 

DMSO = dimethylsulfoxide 

EtOAc.= ethyl acetate 
10 Et20 = diethyl ether 

EtOH = ethanol 

FAB-MS = fast atom bombardment mass spectrum 

FD-MS = field desorption mass spectrum 

HOBT = 1 -hydroxybenzotriazole hydrate 
15 HPLC = High Performance Liquid Chromatography 

JR = Infrared spectrum 

LAH = lithium aluminum hydride 

NMR = nuclear magnetic resonance 

NMI = N-methytlndole-2-carbonyl 
20 , Phg = phenylglycine 

RPHPLC = Reversed Phase High Performance Liquid Chromatography 

TFA = trifluoroacetic acid 

THF = tetrahydroturan 

TLC = thin layer chromatography 
2$ OPFF = pentafluorophenoxy 

. PFF = pentafluorophenyl 

[0068] Unless otherwise stated, pH adjustments and work up are with aqueous acid or base solutions. RPHPLC is 
. carried out using 0.05% aqueous (v:v) HCI (designated "A" in the Examples) and acetonitrite (designated "B" in the 
. 30 Examples), Mixtures of A and B are v:v. Where 1 H-NMR is shown, the product afforded by the reaction was charac- 
terized by proton NMR to confirm the described compound was obtained 

Example 1 

35 Preparation of 1-Methylindole-2-carbonvl-D>(a-methyl)phenvlqlvcinvl-Azt-Arg-H hydrochloride 
A) Boc-Arg(Cbz)-OH 

[0069] To a solution of Boc-Arg(HCI)-OH.(82.1 g, 250 mmole) in 5 N NaOH(240 ml) chilled to -5 "C was added 
40 benzyl chlproformate (1 43 ml, 1 ,0 mote) (4 eq.) dropwise over 55 minutes while the pH was maintained at 1 3.2-1 3.5 
by adding 5 N NaOH (250 ml). The aqueous layer was separated and extracted with E^O (2 x 500 ml). The aqueous . 
layer was acidified to pH 3.0 with 3 N H 2 S0 4 (560 ml) and extracted with EtOAc (550 ml). The organic layer separated 
and aqueous layer extracted with an additional amount of .EtOAc, The combined organic layers were washed with : 
water, dried (MgS0 4 ), and concentrated to dryness in vacuo to give the title compound (66,1 g, 65 percent yield): 
45 TLC Rf (C) 0.43; 
FD-MS 408 (M + ); 

IHNMR (CDCI 3 ) 6 1.42 (s,9H), 1.61-1.91 (m,4H), 3.23-3.41 (m,2H), 4.17 (d,1H), 5.21 (s,2H), 5.62 (d,lH), 7.30-7.42 
(m,6H), 8.27 (m.1H). 

so B) Boc-Arg(Cbz)-lactam 

[0070] To a solution of Boc-Arg(Cbz)-OH (A) (66.0 g, 0.162 mole) in dry THF (230 ml),. cooled to -10 °C, was added 
N-methytmorpholine (18,7 ml, 1.05 eq) followed by isobutylchloroformate (22.5 ml, 1.05 eq). The reaction was stirred 
5 minutes at -10 °C and triethylamine (23.5 ml, 1 .05 eq) was added. After the reaction was stirred for one hour at -10 
55 °c and one hour at room temperature the reaction was poured into 1 L of ice-water. The resulting precipitate was 
filtered, washed with cold water, and dried fr? vacuo. The product was crystallized from EtOAc to give the titte compound 
as a white solid (38.05 g. 60 percent yield): 
TLC R f (A) 0.77; . 
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FD-MS 391 (MH + ); 

^HNMR (CDCI 3 ) 5 1.48 (s,9H), 1.78-1.98 (m,2H), 2.50 (m,1H), 3.41 {m.1H) t 4.43 (m,lH), 4.90 (m,1H), 5.16 (s,2H), 
5.27 (m,1H), 7.28-7,45 (m,6H), 9.41 (m,1H), 9.68 (m,1H). 

s C) Hf>Arg(Cbz)-lactam 

[0071 J A soluUon of HCI(g) saturated in EtOAc (7.2 L) was added dropwise over 30 minutes to a splutbn of Boc-Arg 
(Cbz)-lactam (B) (641 g, 1.64 itiol) dissolved in OHJ^ (3 L) at -10 °C. The reaction was allowed to stir one hour at 
*1 0 'C and slowly warmed to room temperature (3 hours). Diethyl ether (1 2 L) added and the precipitate was filtered, 
10 washed with diethyl ether, and dried in vacuo to give the title compound (580 g): 
TLC R f (C) 0.29; 
FD-MS 291 (MH + ). 

D) Methyl N^iphenylmethylene-DL-phenyigtycinate 

15 

[0072] To a solution of benzophenone imine (53.8 g, 297 mmol) in methylene chloride (500 mL) at room temperature 
was added DL-phenylgtycine methyl ester hydrochloride (59.9 g, 297 mmol) and the reaction stirred for 48 hours. The 
reaction mixture was washed 3 times with water (200 mL) and the organic layer was separated, dried (MgS0 4 ), filtered, 
and concentrated in vacuo to give a clear oil. The oil was crystallized from pentane to give the title compound (98.5 g, 
20 100 percent yield): 
FAB-MS 330 (MH + ); 





Analysis calculated for C 22 H 19 N02: 


25 


j C 80.22, H5.B1, N 4.25; 




Found j C 80.50, H 5.93, N.4.14. 



E) Methyl N°diphenylmethylene-DL-(a-methyl)-phenylgfycinate 



30 [0073] A solution of methyl N a diphenylmethylene-DL-phenylglycinate (D) (1 4.8 g, 44.8 mmol) in anhydrous THF (200 
mL) was added dropwise to a mixture of 18-crown-6 (1 1 .8 g, 44.8 mmol), potassium hydride (1 1 .2 g, 67.3 mmol), THF 
(100 mL) under an inert atmosphere. To the reaction was added a solution of methyl iodide (6.0 mL, 89.7 mmol) in 
THF (20 mL) dropwise. The reation was stirred for an additional 1 .5 hours at room temperature. To the reaction was 
added a solution containing D, HOAc (7,0 mL), water (25 mL), and THF (30 mL) dropwise. The reaction was diluted 

35 with ethyl acetate and water, the organic layer was separated, washed three times with water, dried (MgS0 4 ), and 
filtered. The filtrate was concentrated in vacuo to give an oil which crystallized from hexane to give the title compound 
(10.2 g, 66 percent yield): 
FAB-MS 344 (MH + ); 



Analysis calculated for C 23 H 21 N0 2 : 


Found: 


C 80.44, H6.15, N 4.08; 
C 80.40, H 6.26, N 4.03. 



45 F) DL-(a-Methyl)phenylglycine 

[0074] A solution of methyl N«diphenylmethylene-DL-(a-methyl)phenylglycinate (E) (72.4 g, 211 mmol) in 5 N HCI 
(400 mL) was refluxed (24 hours). The solution was cooled to room temperature, filtered, and the filtrate pH adjusted 
to 5.8 with dilute NH 4 OH solution. The aqueous sbiution concentrated in vacuo until crystallization began. The reaction 
so stored overnight at 5 °C and the precipatate filtered, and dried in vacuo to give the title compound (22 g, 63 percent 
yield): 

FAB-MS 1 66 (MH+). 

GJ D-(ct-Methyl)phenylglycine 

55 

[0075] A solution of DL-(a-methyl)phenyIgIycine (F) (87 g, 431 ,4 mmol) in water was adjusted to pH 6.0 with 5 N 
NaOH. The precipitate was filtered and dried to yield 82 g of white solid. The solid (82 g) was suspended in 96 percent 
formic acid (750 mL) and acetic anhydride (200 mL, 431 A mmol) was added s lowly to the reaction mixture. The reaction 
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was allowed to stir at room temperature for 30 minutes and the solution concentrated in vacuo to an oil. The oil was 
dissolved in EtOAc (1 500 mL), washed three times with water, dried (MgS0 4 ), and filtered. The filtrate was concentrated 
in vacuo and crystallized from EtOAc/hexane to give a white solid of N^formyl-DL-(a-methyl)phenylgtycine (77.9 g, 
93 percent). The NMormyl-DL-(a-methyl)phenylglycine (77.3 g, 400 mmol) was dissolved in EtOAc (460 mL) and 

s EtOH (50 mL). To this solution was added quinine (68.18 g, 210 mmol) and diethylether (1000 mL). The solution was 
allowed to stand at room temperature (24 hours). The resulting crystalline material was filtered and the mother liquors 
were concentrated in vacuo to a white solid. The white solid was suspended in EtOAc, washed with 1 .5 N citric acid, 
water, dried (MgS0 4 ), and filtered. The filtrate was concentrated in vacuo to a white solid of N a -fonmyt-D-(a-methyl) 
phenylgtycine (26.3 g, 67 percent yield); [afo = -61° (C = 0.5/MeOH). The N a rformyl-D-(a-methyl)phenylglyctne (25 g, 

10 124 mmol) was suspended in 2 N HCI (130 mL) and the reaction was refluxed (2 hours): The jeaction mixture was 
cooled to room temperature and the aqueous solution concentrated in vacuo until crystallization began. The precipitate 
was collected and dried in vacuo to give pure title compound (18.6 g, 74 percent yield). 

H) T-MethyIindole-2^rbonyl-D-(a^rnethyl)phenylglycine 

is 

[0076] To a solution of D-(ct-methyl)phenylgtycine (G) (2.01 g, 10 mmol) in water was added 2 N NaOH to adjust the 
pH to 6.5 and the solution was freeze dried. The solid was suspended in DMF (30 ml). bis(trimethylsilyl)acetamide. 
(3.7 mL, 15 mmol), and 1 -methylindole-2-carboxylic acid pentafluorophenyl ester (3.41 g, 10 mmol) was added to the 
reaction. The reaction mixture was stirred at 60 °C (24 hours) and concentrated in vacuo to an oil. The residue was 
20 dissolved in water (100 mL), diethyl ether (50 mL), and the pH adjusted to 9.0 with 2 N NaOH. The aqueous layer was 
separated, EtOAc (150 mL) was added, and the solution was acidified with 5 N HCI to pH 2.8. The organic layer 
separated, dried (Mg$0 4 ), filtered, and concentrated in vacuo to an amorphous solid of the title compound (2.27 g, 70 
percent yield): 
FAB-MS 323 (MH + ). 

2$ 

I) 1-Methylindole-2-carbonyl-D-(a-methyl)phenylglycinyI-Azt-OH 

[0077] To a solution of 1-methylindoIe-2-carbonyl-D-(a-methyI)phenylgtycine (H) (2.2 g, 6.9 mmol) in EtOAc (25 mL) 
was added 2,4,5 trichtorophenot (1.65 g, 8.3 mmol), DCC (1.72 g, 8.3 mmol), and cooled to 0 °C. The reaction was 

30 stirred for one hour at 0 °C and 1.5 hours at room temperature. The resultant precipitate was removed by filtration, 
and the mother liquor was concentrated in vacuo to an oil. The resultant oil was dissolved in pyridine (35 mL), and L- 
azetidine-2-carboxylic acid (0.7 g, 6.9 rhmol), and triethylamine (0.97 mL, 6.9 mmol) were added to the reaction mixture. 
After the reaction was stirred at room temperature (24 hours) the pyridine was removed in vacuo\o an oil. The residue 
was dissolved in water (100 mL), diethyl ether (50 mL) and the pH of the solution was adjusted to 9.0 with 2 N NaOH. 

35 The aqueous layer separated, HO Ac (150 mL) was added, and the pH of the solution adjusted to 3.0 with 3 N HCI. 
The organic layer separated, dried (MgS0 4 ), filtered, and the filtrate evaporated in vacuo to an amorphous solid of 
crude title compound (2.3 g). The crude solid (2, 3 g) was purified by chromatography on silica gel using a step gradient 
elution (CHCI 3 100toCHCI 3 -MeOH 70:30) to yield pure title compound as an amorphous solid (0.81 g, 29 percent yield): 
FD-MS 406 (MH + ). 

J) 1-Methylindole-2-carbonyl-D-(a-methyl)phenylglycinyl-Azt-Arg(Cbz)-lactam 

[0078] In flask 1 1 -methylindole-2-carbonyl-D-(a-methyl)phenylglycinyl-AztOH (I) (0.51 g, 1 .5 mmol) was dissolved 
in DMF (10 mL), cooled to -15 °C, and N-methylmorphdine (0.17 mL, 1 .55 mmol) was added followed by isobutytchlo- 
& ' roformate (0.1 9 mL, 1 .41 mmol). The reaction mixture was stirred at -1 5 B C for 2 minutes. In flask 2 HCl*Arg{Z)-lactam 
(C) (0.46 g, 1 .41 mmol) was dissolved in DMF (10 mL), cooled to 0 °C, and diisopropylethy famine (0.27 mL, 1 .55 mmol) 
was added. The reaction mixture was stirred at 0 °C for 2 minutes. 

[0079] The contents of flask 2 were added to flask 1 , and the reaction mixture was stirred for 4 hours (-1 5 °C) followed 
by 24 hours at room temperature. A solution of 1 N NaHCO^ (2 mL) was added, and the reaction mixture concentrated 
so in vacuo. The residue was dissolved with EtOAc (100 mL) and water (50 mL). The organic layer was separated and 
washed sequentially with 1 N NaHCOg, water, and 0.1 N HCI. The organic layer was dried (MgS0 4 ), filtered, and 
evaporated in vacuo to an amorphous solid of title compound (0.88 g, 92 percent yield): 
TLC Ft, (A) 0.74; 
FAB-MS 678 (MH + ). 

55 

K) 1-MetlTylindote-2-carbc>nyl-D-(a-methyl)phenylglycinyt-Azt-Arg-H*HCt 

[0080] To a stirred, cooled (-70 °C) solution of 1 -methylindole-2-carbonyt-D-(a-methyl}phenytgtycinyl-Azt-Arg(Cb2)- 
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lactam (J) (0.81 g, 1.19 mmol) under a nitrogen atmosphere in anhydrous THF (50 mL) was added lithium aluminum 
hydride 1 M in THF (1.2 mL, 1.2 mmol). The reaction stirred for 30 minutes at -70 °C. A solution of 5 mL of THF and 
5 mL of 0.5 N H 2 S0 4 wa6 added dropwtse to the reaction. The reaction was diluted with EtOAc (100 mL) and water 
(50 mL). The organic layer was separated, dried (MgS0 4 ), filtered, and concentrated to dryness in vacuo to give an 

s amorphous solid (0.76 g). The solid was dissolved in ethanol (100 mL), water (25 mL), and 1 N HCI (1 .67 mL, 1 .67 
mmol), and was hydrogenated in the presence of 5 percent Pd/C catalyst (0.5 g) at ambient temperature and pressure. 
. After the reaction was completed, the catalyst was removed by filtration. The filtrate was concentrated to 100 mL in 
vacuo and freeze dried. The white solid was dissolved in water, filtered through a Millipore 0.5 ujti filter, and freeze 
dried to give pure title compound (0.445 g, 64 percent yield): 

10 FAB^MS 546 (MH+); 

[a] D = -42.9° ( = 0.5/0.01 N HCI).. 

Example 2 

is . [0081] Preparation of D-Prolinyl-focbenzyD-L-prolinyl-L-arginine Aldehyde Dihvdrochloride Dihydrate 



20 



25 




A) N-Cbz-Pro-OMe 

. [0082] To a solution of N-Cbz-proline (140 g, 562 mmol) in methanol (850 mL) was added p-toluenesulfonic acid 
to monohydrate (5 g, 26 mmol). The solution was heated to reflux and stirring continued for 12 h. The heating mantle 
was removed, and after cooling to room temperature, the solvent was removed by rotary evaporation. The residue was 
dissolved in ethyl acetate (500 mL), and washed twice with saturated aqueous NaHCOg (300 mL), twice with brine 
(200 mL), dried with MgS0 4 , filtered and concentrated to give a colorless oil (1 29 g, 88% yield): 
FD-MSm/e263(M + ); 

45 

Analysis calculated for C 14 H, 7NO4: 

| C 63.87, H6.51, N5.32; 
Found j C 64.03, H 6.56, N 5.28. 

50 

B) N-Cbz-D,L-Pro-(ctbenzyI)-OMe 

[0083] To a 0.5 M solution of potassium hexamethytdisilazide (200 mL, 100 mmol) in toluene at -78 °C and under 
N 2 , was added a solution of N-Cbz-Pro-OMe in tetrahydrof uran (150 mL) via an addition funnel over 1 h. To this mixture 
55 was then added a solution of benzyl bromide (11 .9 mL, 100 mmol) in tetrahydrof uran (50 mL), via another addtion 
funnel over 15 min. The cold bath was removed after stirring for 20 h, 1 N citric acid (100 mL) was added. The solution 
was then concentrated to a volume of about 100 mL in vacuo and then partitioned between ethyl acetate (300 mL) and 
water (200 mL). The organic phase was then washed with 1 N citric acid (200 mL), twice with saturated aqueous 
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NaHCQ 3 , twice with brine, dried with MgS0 4 , filtered and concentrated in vacuo to give an amber oil The oil was then 
chromatographed over silica gel, eluting with a gradient from hexanes through 20% ethyl acetateAiexanes. The product 
containing fractions as judged by TLC were combined and concentrated to give a colorless oil (26.9 g, 76% yield)* 
1 H-NMR. 

5 

C) N-Cbz-D.L-Pro-tctbenzylJOH 

[0084] To a solution of N-Cbz-D,L-Pro-(abenzyi)-OMe (26.9 g, 76 mmol) in p-dioxane (200 mL) was added a solution 
of LtOH»H 2 0 (12.8 g, 304 mmol) in water (100 mL). The solution was heated to reflux and stirring continued for 12 h. 

10 The heating mantle was then removed and after cooling to room temperature, the solvents were removed by rotary 
evaporation. The residue was dissolved in water (300 mL) and washed with diethyl ether (200 mL). The aqueous phase 
was then acidified with 1 N citric acid and then extracted three times with diethyl ether (300 mL). The combined ether 
extracts were dried with MgS0 4 , filtered and concentrated to give a white solid (23.9 g t 92% yield): 
1 H-NMR; 

is FD-MS m/e 340 (MH + ); 





Analysis calculated for C^H^NC^: 






C 70.7S, 


H 6.24, 


N4.13; 


20 


Found 


C 71.00, 


H6.38, 


N4.17. 



D) N-Cbz-D-Pro-(ccbenzyl)-Pro-OMe 



[0085] To a solution of N-Cbz-D-Pro-(obenzyl)-OH (23 g, 68 mmol), Pro-OMe*HCI (14 g, 85 mmol), 1 -bydroxyben- 
25 zotfiazole (11.4 g, 85 mmol), and N;N-diisopropylethylamine (35.4 mL, 203 mmol) in dichloromethane (400 mL) was 
added 1 -(3-dimethylaminopropyt)-3-ethylcarbodiimide hydrochloride (16.2 g, 85 mmol). After stirring for 12 h, the sol- 
vent was removed in vacuo. The residue was dissolved in ethyl acetate (500 mL) and washed twice with 1 N citric acid 
(200 mL), twice with saturated aqueous NaHC0 3 , and twice with brine. The ethyi acetate was removed by rotary 
evaporation to give a yellow oil. The oil was chromatographed, eluting with a solvent gradient from hexanes through 
30 30% ethyl acetatemexanes. The fractions containing the higher Rf diastereomer only (TLC. R, 0.38, 10:1 chloroform: 
methanol) were combined and concentrated to give a white crystaline solid (10.5 g, 34%). Subsequently, the structure 
and stereochemistry of this diastereomer was proven to be N-Cbz-D-Pro-(ccbenzyl)-Pro-OMe by single crystal X-ray 
diffraction analysis. 
1 H-NMR; 
35 FD-MS nVe 450 (M + ); 



Analysis calculated for C 26 H 30 N 2 O 5 : 


Found 


C 69.31, H6.71, N6.22; 
C 69.18, H6.73, N 6.25. 



E) N-Cbz-D-Pro-(abenzyl)-Pro-OH 

[0086] To a solution of N-Cbz-D-Pro-(abenzy l)-Pro-OMe (8 g , 1 7.8 mmol) in p-dioxane (200 mL) was added a solution 
4S of LiOH»H 2 0 (3 g, 71 mmol) in water (100 mL) with vigorous stirring. After 12 h, the solution was concentrated to a 
volume of 50 mL in vacuo, diluted with water (100 mL), and extracted twice with diethyl ether (150 mL). The aqueous 
phase was adjusted to pH 2 with 5 N aqueous HCI and the resulting precipitate was filtered, washed with water and 
dried to give a white solid (4.2 g, 54% yield). The combined aqueous phase was extracted twice with ethyl acetate 
(250 mL) and the resulting organic phase was washed with brine (200 mL), dried with Na^O^, filtered, and concentrated 
so to give another 3.2 g (41% yield) of the same product (95% yield combined): 
1 H-NMR; 

FD-MS m/e 437 (MH + ); 



Analysis calculated for C 2S H 28 N 2 05: 

I C 68.79, H 6.47, IM 6.42; 
Found I C 68.51, H6.51, N 6.45. 
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F) l>Pro-(obenzyl)-Pro-Arg-H*2 HCI 



[0087] By methods substantially equivalent to those described in example 1-J and 1 -K, using LiAl(0-t-Bu) 3 H at -23 
D C in place of LAH at -78 "C, 1.3 g of D-Pro-(dbenzyl)-Pro-Arg-H*2 HCI dihydrate was prepared from N-Cbz-D-Pro- 
(ctbenzyl)-Pro-OH. Purification by RPHPLC was not required. 
1 H-NMR, 

FAB-MS m/e 443 (MH+); 



Analysis calculated for C^H^NeCVZS HCi»2 H2O: 



i C 48.49, 



H7.16, 



Found j C 48.84, H 7.05, 



N 14.75; 
N 1448. 



Example 3 

Preparation of Prolinvl-(<xbenzvlVL-prolinvi-L-arginine Aldehyde Dihvdrochioride 
[0088] 



25 




• 2 HCI 



35 



A 

NH NH 2 



so 



A) N*Cbz-Pro(abenzyl)-Pro-OMe 

{0089] N-Cbz-Pro(abenzyl)-Pro-OMe was prepared in Example 2-D. After silica gel chromatography of the yellow 
oil, the fractions containing lower Rf material (TLC, R f 0.31 ,10:1 chloroform:methanol) were combined and concentrated 
to give a white foam (9.6 g, 31% yield), which was assigned by inference to be NCbz-Pro-(cdbenzyl)-Pro-OMo: 
1 hi-NMR; 

FD-MS m/e 450 (M+); 



Analysis calculated for C 26 H 30 N 2 O 5 : 



| C 69.31, H6.71, N6.22; 
Found | C 69.25, H6.93, N6.16. 



B) Pro(otbenzyl)-Pro-Arg-H»2 HCI 

[0090] By methods substantially equivalent to those described in Example 2-E and 2-F, 2.0 g of Pro(ctbenzyl)-Pro- 
Arg-H-2 HCI dihydrate was prepared from N-Cbz-Pro-(ocbenzyl)-Pro-OMe. Purification by RPHPLC was not required: 
1 H-NMR; 

FAB-MS. m/e 443 (MH + ); 
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Analysis calculated for C^H^N^O HCI»2.5 H2O; 



Found 



C 46.28, . H7.09, N 14.08; 
C 46.67, H7.13, N 13.75. 



Example 4 

[0091] Preparation of Azetidlnyf (abenzvl)-L^prolinyl-L*arginine Aldehyde Dihvdrcchloride 



15 




. • 2 HCl 



NH 

A 

NH NH 2 



25 Azt(cxbenzyl)-Pro-Arg-H*2 HCl 

[0092] By methods substantially equivalent to those described in Example t - A and 2, 1 .5 g of Azt(abenzyl)-Pro-Arg- 
H»2 HCl was prepared from azettdine-2-carboxylic acid. Purification by RPHPLC was not required: 
!H-NMR; 
30 FAB-MS m/e 429 (MH + ); 



40 



SO 



Analysis calculated for C 22 H 3 2N 6 0 3 »2.5 HCI»2 H 2 0: 



Found 



C 47.55, 
C 47.21, 



H 6.98, 
H 6.62, 



N 15.12; 
N 14.83. 



Example 5 

[0093] Preparation of N"Ethoxvcarbonvl-D-phenvlalanvlfocmethvl)>L-prolinyl-L-arginine Aldehyde Hydrochloride 
Et0C0 -NH ch 



HCl 



NH 

x 

N NH 2 

H 1 



ss A) EtOCO-D,L-Phe(ocMe)-OH 

[0094] To a stirring suspension of D,L-Phe(ccMe)-OH (7.5 g, 42 mmol) in tetrahydrofuran (250 ml_) was added N.O- 
bis(trimethylsilyl)acetamide (1 2.8 g, 62.8 mmol). Upon clarification the solution was cooled to 0 °C and N,N-diisopro- 
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pylethylamine (5.4 g, 42 mmol) was added, followed by ethyl chloroformate (4.5 g, 42 mmol). After 2 h, water (1 00 mL) 
was added and then the organic solvent was removed in vacuo. The aqueous phase was diluted with 1 N NaOH and 
washed twice with diethyl ether. The aqueous phase was then acidified to pH 2 with concentrated HCI and extracted 
three times with ethyl acetate. The combined ethyl acetate extracts were dried (N^SC^), filtered and concentrated in 
s vacuo to give 10.3 g (98% yield) of a white solid: .\ 
1 H NMR. \ 

B) EtOCO-D,L-Phe(oMe)-Pro-OBzl 

10 [0095] To a stirring solution of EtOCO-D,L-Phe(aMe)-OH (10.3 g, 41 mmol), HOBT (5.5 g, 41 mmol), Pro-OBzl-HCI 
(9.9 g, 41 mmol) and N,N-ditsopropylethylamlne (1 5.9 g, 1 23 mmol) In dimethylformarnide (200 mL) at 0 "C, was. added 
1 -(3^imemytaminopropyO-3^thyicarbodiimfde*HCI (8.6 g, 45 mmol). After stirring for 16 h, the solvents were removed 
in vacuo and the residue was dissolved in ethyl acetate (500 mL). The organic phase was washed three times with 
0.1 N HCI, three times, with saturated aqueous NaHCO^ and once with brine. The organic phase was then dried 

is (NagSC^), filtered and concentrated in vacuo. The residue was chromatographed over silica gel eluting with 1 :1 ethyl 
acetaterhexanes and the product containing fractions (as judged by TLC) were combined and concentrated in vacuo 
to give 1 3.5 g (75% yield) of a white foam: 
1 H NMR; 

FD-MS. m/e 438 (M+); 

20 

Analysis calculated for C^^oNaC^: 

I C 68.47, H6.90, N 6.39; 
Found | C 68.20, H 7.09, N 6.28. 

25 ■ 

C) EtCX:0-D,L-Phe(aMe)-Pro-OH 

[0096] To a stirring solution of EtOCO-D,L-Phe(aMe)-Pro-OBzl (1 3.2 g, 30 mmol) in p-dioxane (250 mL) was added 
a solution of LiOH»H 2 0 (6.3 g, 151 mmol) in water (125 mL). After stirring for 2.5 h, the solvent was removed in vacuo 
so and the residue was diluted with water and washed three times with diethyl ether. The aqueous phase was then taken 
to pH 2 with cone. HCI and extracted three times with ethyl acetate. The combined ethyl acetale extracts were dried 
(Na 2 S0 4 ), filtered and concentrated in vacuo to give 1 0.7 g of a white solid: 
1 H NMR; 

FD-MS m/e 349 (MH + ); 

35 ' - 

Analysis calculated for C 1s H 24 N 2 O s : 

j C 62.05, H6.94, N8.04; 
Found j C 62.29, H6.98, N8.12, 

D) Boc-Arg(Cbz)OH 

[0097] Boc-Arg(HCl)-OH (82.1 g, 250 mmol) was dissolved in 5 N NaOH (240 mL) in a 3 necked flask. The reaction 
mixture was chilled to -5 *C and the pH was maintained at 1 3.2-1 3.5 using 5 N NaOH (250 mL) while adding benzyl 

45 chloroformate (i 43 mL, 1 .0 mo!) dropwise (55 min). The reaction mixture was stirred for an additional 1 hour at -5 °C 
and diluted with water (100 mL) and diethyl. ether (500 mL). The aqueous layer was separated and extracted twice 
with diethyl ether (500 mL). The aqueous layer was then acidified to pH 3.0 with 3 N K^SC^ (560 mL) and extracted 
with ethyl acetate (550 mL). The aqueous layer was separated and extracted once with ethyl acetate. The combined 
ethyl acetae layers were washed with water, dried (MgS0 4 ) and concentrated in vacuoXo give 66.1 g (65% yield) of a 

so white solid: 
1 H NMR; 
FD-MS 408 (M + ). 

E) Boc-Arg(Cbz)-lactam 

55 ' 

[0098] Boc-Arg(Cbz)-OH (66.0 g, 0.162 mol) was dissolved in tetrahydrofuran (230 mL) and cooled to -10 °C. To 
this solution was added N-methylmorphoIine (18.7 mL, 0.17 mol) followed by isobutyl chloroformate (22.5 mL, 0.17 
mol). After stirring 5 minutes at -10 °C, triethylamine (23.5 ml_ 0.17 mol) was added. After an additional 1 hour at -10 
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°C, the mixture was allowed to warm to room temperature and stirring continued tor t h at room temperature. The 
reaction mixture was then poured into 1 Lot ice-water and the resulting precipitate was tittered, washed with cold water, 
and dried in vacuo. The product was crystallized from ethyl acetate to give 38 g (60% yield) ot a white solid; 
1 H NMR; 
B FD-MS 391 (MH 4 ). 

F) 2 HCl-Arg(Cbz)- lactam 




[0099] A solution of HCI(g) saturated in ethyl acetate {1,2 L) was added dropwise over 30 minutes to a solution of 
10 Boc-Arg(Cbz)-lactam (641 g, 1 .64 mol) dissolved in dichforomethane (3 L) at -10 °C. After 1 h at -10 °C the cold bath 
was removed and the solution was allowed to warm to room temperature over 3 h. Diethyl ether (12 L) was added and 
the resulting precipitate was filtered, washed with diethyl ether, and dried in vacuo to give 580 g (97% yield): 
FD-MS 291 (MH + ). 

is G)EtOCOD-Phe(oMe)-Pro-Arg(Cbz)lactam 

[0100] In flask 1, EtOCO-D,L-Phe(oMe)-Pro-OH (6 g, 17.2 mmol) was dissolved in dimethylformamide (100 mL), 
cooled to -15 °C and N-methylmorpholine (1.7 g, 17-2 mmol) was added, followed by isobutyl chloroforrhate (2.4 g, 
17.2 mmol). The reaction mixture was allowed to stir at -1 5 *C for 10 min. 
20 [0101] In ttask 2. HCI-Arg(Cbz) lactam (6.3 g, 17.2 mmol) was dissolved in dimethylformamide (100 mL), cooled to 
0 °C, and N.N-diisopropylethylamine (4.5 g, 34.5 mmol) was added. 

[0102] The contents of flask 2 were added to flask 1 in one portion and the reaction mixture was allowed to slowly 
warm to room temperature (24 h). Then saturated aqueous NaHC0 3 (1 00 mL) was added and the solvent was removed 
in vacuo. The residue was partitioned between ethyl acetate and water and the layers were separated. The organic 

25 layer was washed twice with 0.01 N HCI, twice with saturated NaHCOg, and once with brine. The organic layer was 
dried (Na^O^, arid the filtrate was concentrated in vacuo. The residue was chromatographed over silica gel, eluting 
with ethyl acetate, which provided separation of the diastereomeric products. The fractions containing pure EtOCO- 
D-Phe(ccMe)-Pro-Arg(Cbz)lactam (TLC R f = 0.57, 4:1 ethyl acetate:acetonitrile) were combined and concentrated in 
vacuo to give 1.3 g of white foam. The fractions containing pure EtOCO-Phe(aMe)-Pro-Arg(Cbz)lactam (TLC R, = 0.44, 

30 4:1 ethyl acetate:acetonitrile) were combined and concentrated in vacuo to give 1.7 g of white foam. Fractions con- 
taining a mixture of the two diastereomers were combined and concentrated in vacuo to give 3. 3 g of white foam. The 
■mixture was chromatographed again and the pure fractions of each diastereomer were combined with those from the 
initial chromatography and concentrated in vacuo to.give a total of 2. t g (20%) of EtOCO-D-Phe(aMe)-Pro-Arg(Cbz) 
lactam and 3.7 g (35%) of EtOCO-Phe(aMe)-Pro-Arg(Cbz)lactarh. The structure of the diastereomeric tripeptides was 

35 tentatively assigned by inference from the biological activity of the corresponding arginine aldehydes: 
1 H NMR; 

FD-MS m/e 621 (M+); 



40 



Analysis calculated for C^H^NgOy: 



| C 61.92, H6.50, N 13.54; 
Found | C 61.74, H6.51, N 13.33. 



H) EtOCO-D-Phe(aMe)-Pro-Arg-H*HCI 

45 

[0103] To a stirring solution of EtOCO-D-Phe(aMe)-Pro-Arg(Cbz)lactam (2 g, 3.2 mmol) in tetrahydrof uran (50 mL) 
at -23 °C, was slowly added a solution of 1 N LiAI(0-t-Bu) 3 H (4.8 mL, 4.8 mmol) in tetrahydrof uran. After 2.5 h, the 
reaction mixture was poured into a stirring solution of cold 1 N HCI (50 mL). The solution was then diluted with water 
(100 mL), washed with 1:1 tetrahydrof uran:hexanes (200 mL) and extracted twice with ethyl acetate and once with n- 

so butanol. The combined ethyl acetate and n-butanol extracts were dried (Na^SC^), and concentrated in vacuo. 

[0104] The residue was then dissolved in ethanol (75 mL) and then water (25 mL) and 1 N HCI (10 rnL) were added. 
To this stirring solution was then added 5% Pd on carbon (1 g). Ha was then bubbled through the solution for 1.5 h, 
and then the reaction was flushed with N 2 and filtered over a pad of diatomaceous earth. The ethanol was removed 
in vacuo at 35 °C and then the resiude was redissolved in water (25 mL). The pH of the aqueous solution was adjusted 

55 to 4.7 with Bio Rad ion exchange resin (basic form), filtered and lyophilized to give 1.15 g of a white powder. The 
product was then purified by RPHPLC (98/2 (A:B), 40 min; ramp up to 80/20 (A:B), 280 min; hold to 400 min) to give 
. 0.49 g (29%) of pure EtOCO-D-Phe(aMe)-Pro-Arg-H-HCI dihydrate: 
. *H NMR; 
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FAB-MS m/e 489 (MH + ); 



Analysis calculated for C2 4 H 36 N 6 O s »HCI: 



C 54.91, H7.10, N 16.01, CI 6.75; 



Found I C 54.89, H7.12, N 15.81, CI 6.87, 



Example 6 

»' Preparation of N-Ethvlsuifonyl-D-phenvlalanvlfo^ Hydrochloride 
[0105] 



1S 



EtSCh 



Ph 



NH 




0 \ 



HCl 



NH 

A 

NH NH 2 



30 



40 



SO 



55 



A) EtS0 2 -D,L-Phe(aMe)-OH 

[01 06] To a stirring suspension of D.L-Phe(aMe)-OH (9 g, 50 mmol) in tetrahydrofuran (250 mL) was added N O-bis 
(tnmethylsiiyl)acetamide (15.3 g, 75 mmol). Upon clarification the solution was cooled to -78 °C and N N-diisopropyl- 
ethylamine (6.5 g, 50 mmol) was added, followed by ethanesutfonyl chloride (7.1 g, 55 mmol). The mixture was allowed 
to warm slowly to room temperature. After 16 h, water (100 mL) was added and then the organic solvent was removed 
tn vacuo. The aqueous phase was diluted with 1 N NaOH and washed twice with diethyl ether. The aqueous phase 
was then acidified to pH 3 with concentrated HCl and extracted three times with ethyl acetate. The combined ethyl 
acetate extracts were dried (Na 2 S0 4 ) 1 filtered and concentrated in vacuo to give 4.9 g (36%) of a white foam: 
1 H NMR; 

FD-MS m/e 271 (M+); 



Analysis calculated for C 12 H 17 N0 4 S: 



| C 53.12, H6.32, N5.16; 
Found j C 53.36, H6.16, N 5.08. 



45 B) EtS02-D-Phe(oMe)-Pro-Arg-H HCI 

[01 07] By methods substantially equivalent to those described in Example 5-B, 5-C, 5-G, and 5-H, there was prepared 
1.1 g of EtSO r D-Phe(aMe)-Pro-Arg-H.HCI. The diastereomeric peptides were separated at the lactam stage (see 
Example 5-G) by silica gel chromatography (EtSO2-D-Phe(0LMe)-Pro-Arg(Cb2)Iactam; TLC R, = 0.75, 41 ethyl acetate- 
acetonitnle). EtSO r D-Phe(aMe)-Pro-Arg-H.HCI was purified by RPHPLC (98/2 (A/B), 40 min; up to 80/20 fA/B) 280 
min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 509 (MH + ); 



Analysis calculated for C 23 H3 6 N 6 0 5 S«HCi: 



Found 



C 50.68, 
C 50.59, 



H6.84, 
H 6.67, 



N 15.42; 
N 15.35. 
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Example 7 

Preparation of N-Ethbxvcarbohvl-phenvlaIanylfamethvO*L>prolinvl-L-arginin9 Aldehyde Hydrochloride 
5 [0108] 



EtOCCX 



NH 



Of 



■Ok 



NH 

x 

NH NH 2 



HC1 



EtOCO-Phe(aMe)-Pro-Arg-H«HCI 

[0109] By methods substantially equivalent to those described in Example 6-H, 0.78 g (42%) of EtOCOPhe(ctMe)- 
Pro-Arg-H^HCI was prepared from EtOCO-Phe(aMe)-Pro-Arg(Cb2)lactam (for preparation of EtOCO-Phe(otMe)-Pro- 
Arg(Cbz)lactam, see Example 5-G). EtOCO-Phe(oMe)-Pro-Arg-H«HCI hydrate was purified by RPHPLC (95/5 (A/B), 
25 40 min; to 80/20 (A/B), 280 min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 489 (MH + ); 



Analysis calculated for C 24 H 36 N 6 O s «1 .1 HCK>.5 H z O: 



Found 



C 53.61, H7.14, N 15.63, CI 7.25; 
C 54.01, H 6.70, N 15.12, CI 7.18. 



Example 8 

Preparation of N-(1-Methylindolvl-2-carbonvl-D-phenvlalanvUamethvn-L-prolinyl*L-arginine Aldehyde Dihydrochloride " 
[0110] 



Nrmethylindolyl-2-carbonyl^ 

Nri 

P*U - o 




/*\ NH JL 



NH 

i 

NH NH 2 



HCl 



A)NM!-OPFF 

[0111] To a solution of N-methyl tndole-2-carboxylic acid (25 g, 143 mmol) and pentafluorophenol (35,3 g, 192 mmol) 
in tetrahydrofuran (250 mL) was added 1-(3-dimethylaminopropyl)-3-ethylcarbodtimide»HCI (30.5 g, 159 mmol). After 
stirring for 5 h, the solution was diluted with dichloromethane (200 mL) and hexanes (300 mL), The organic phase was 
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10 



15 . 



25 



SO 



washed with once with 1 N NaHS0 4 (100 mL), three times with 1 N K 2 C0 3 (100 mL) and twice with brine. The organic 
phase was dried (N^SO^), filtered and concentrated in vacuo to give a tan solid which was recrystalized from hexanes 
to give 38 g (78% yield) of an oft white- solid: 
*H NMR; 

FD-MS m/e 341 (M+); 



Analysis calculated for C 16 H 8 N0 2 F 5 : 



Found 



C 56.32, H2.36, N4.10; 
C 56.53, H2.37, N4.20! 



B) NMI-D, L-Phe(aMe)OH 

[0112] To a stirring suspension of D,L-Phe(ctMe)-OH (2.5 g, 1 4 rrimol) in dimethylformamide (50 mL) was added N, 
6-bis(trimethylsilyl)acetamide (4.3 g, 21 mmol). Upon clarification of the solution, NMI-OPFF (5 g, 14.7 mmol) was 
added and the reaction was heated to 65 °C. After 16 h t the heating mantle was removed and water (20 mL) was 
added. The solvents were then removed in vacuo and the residue was dissolved in 1 N NaOH and washed three times * 
with diethyl ether. The aqueous phase was then acidified to pH 3 with 5 N HCI and extracted three times with ethyl 
acetate. The combined ethyl acetate extracts were dried (N^SO^, filtered and concentrated in vacuoXo give a yellow 
oil which was chromatographed over silica gel, eluting with 70% ethyl acetate:hexanes (0.5% acetic acid). The product 
containing fractions as judged by TLC were combined and concentrated in vacuo. The residue was dissolved in toluene 
and concentrated in vacuo three times (to remove acetic acid) to yield 4 g (85% yield) of a white solid: 
1 H NMH; 

FD-MS m/e 336 (M+); 



Analysis calculated for C 20 H 20 N 2 O 3 : 



Found 



C71.41, 
C 71.66, 



H 5.99, 
H6.15, 



N 8.33; 
N 8.05. 



C) NMI-D-Phe(cxMe)-Pro-Arg-H*HCI 

[0113] By methods substantially equivalent to those described in Example 5:6, 5-C, 5-G, and 5-H, 1.4 g of NMl-D- 
Phe(aMe)-Pro-Arg-H«HCI was prepared. The diastereomeric peptides were spearated at the lactam stage (see Ex- 
ample 5-G) by silica gel chromatography (NMl-D-Phe(aMe)-Pro-Arg(Cbz)tactam; TLC R f = 0.35, ethyl acetate). NMI- 
D-Phe(oMe)-Pro-Arg-H«HC! was purified by RPHPLC (95/5 (A/B) to 70/30 (A/B), 180 min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 574 (MH + ); 



Analysis calculated 


forC^^rVVHCI: 




{ C 61.02, 


H 6.61, 


N 16.07, 


a 5.81; 


Found j C 61.30, 


H6.40, 


N 15.98, 


CI 6,09. 
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Example 9 

Preparation of 1-fEthvlsuifonvlamino)cvclohexovl-L-prolinvt-L-afgintne Aldehyde Hydrochloride 
[0114] 



EtSO 



2\ 



0 \ 



HC1 



NH 
NH NH 2 



1-(ethylsulfonylamino)cyclohexoyl-Pro-Arg-H-HCI 

[0115] By methods substantially equivalent to those described in Example 6, 0.95 g of 1-(ethylsu[fonylamino)cy- 
clohexoy(-Pro-Arg-H*HCI hydrate was prepared from 1 -amino-cyclohexane-1 -carboxylie acid. t-(Ethylsutfonylamino) 
cyclohexoyi-Pro-Arg-H»HCI hydrate was purified by RPHPLC (98/2 (A/B) to 80/20 (A/B), 240 min): 
'HNMR; 

FAB-MS m/e 473 (MH+); 



Analysis calculatedfor C2oH3 6 N 6 0 5 S*HCWH 2 0: 



Found 



C 45.58, H7,46, N 15.94, Ci 6.73; 
C 45.49, H 7.37, N 15.65, CI 6.54. 



Example 1 0 

Preparation of 1-f1-Methvlindotvl-2-carbonvlamino)cvclohexovl-L-pronnvl-L-arginine Aldehyde Hydrochloride ' 
[01163 



N-methy 1 indoly 1 -2 -carbonyl\ 



ffr* o 
° 1 



NH 

x 

NH NH 2 



HCl 



1 -(N-methylindolyl-2-carbonylamino)cyclohexoyl-Pro-Arg-H»HCi 

[0117] By methods substantially equivalent to those described in Example 8, 1 .9 g of 1 -{N-methylihdolyt-2-carbon- 
ylamiho)-cyctohexoyl-Pro-Arg-H*HCI hydrate was prepared from 1 -amino-cyclohexane-1 -carboxylie acid. Purification 
by RPHPLC was not required: 
'HIMMR; 
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. FAB-MS m/e 538 (MH + ); 



Analysts calculated (or C^H^Ny©^ HCM .5 H 2 0: 

I C 52.75, . H6.96, ' N 15.38; 

Found I C 53.11, H7.03, N 15.17. 
i * * 



Example 11 

jo Preparation of N-EthylsutfonylphenvlalanvUamethvn>L-prDlinvl-L-arqinine Aldehyde Hydrochloride 
[0118] 



15 



20 



25 




• HCl 



N-EtS0 2 -Phe{ame)-Pro-Arg-H*HCI 

[0119] By methods substantially equivalent to those described in Example 6, 0.73 g ot EtSO^-Phe(ctMe)-Pro-Arg 
30 H*HCI dihydrate was prepared from EtSO^:Phe{aMe)-Pro-Arg(Cbz)lactam (TIC R f = 0.66, 4:1 ethyl acetaterace 
tonitrile). EtS0 2 -Phe(oMe)-Pro-Arg-H*HCI dihydrate was purified by RPHPLC (98/2 (A/B) to 85/15 (A/B), 180 min): 
1 H NMR; 

FAB-MS m/e 509 (MH + ); 



Analysis calculated 


for'C23H36N s 0 5 S-HC>2 H 2 0: 


| C 47.54, 


H7.11, 


N 14.46, 


q 6.10; 


Found | C 47.80, 


H 6.65, 


N 14.23, 


CI 6.67. 



40 Example 12 

Preparation of N>(1-M8thyHndoryl-2K;arhonvl)phenvlalanvlfarn8thyO-L-prblinyl-L-arginine Aldehyde Hydrochloride 
[0120] " 

45 

N-methy 1 indolyl -2 -carbonyl^. ^ 



so 



55 




• HCl 
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N^ethylindo(yl-2-carbonyl-Phe(aMe)-Pro-Arg-H»HCI 

[0121] By methods substantially equivalent to those described in Example 8, 0,29 g of N-methylindolyl-2-carbonyl- 
Phe(oMo)-Pro-Arg-H*HCI hydrate was prepared from N-memy1indolyl-2^rbonyl-Phe(aMe)-Pro-Arg(Cbz) lactam 
(TLC R, = 0.30, ethyl acetate). NMI-Phe(aMe)-Pro-Arg-H«HCI hydrate was purified by RPHPLC (95/5 (A/B) to 70/30 
$ (A/B), 1 80 min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 574 (MH + ); . 



Analysis calculatedfor C 31 H3 9 N 7 0 4 >l .1»HCt»1.5 H 2 Q: 

I C 58.10, H6.78, N 15.30, CI 6.09; 
Found j C 58.25, H 6.55, N 15.0 0, CI6.25. 

Example 13 

1$ 

Preparation of N-Ethox vcarbonvl-D-phenvlalanvl(aethvn-L-prolinvl-L'aroinine Aldehyde Hydrochloride 
[0122] 

20 



2$ 



30 




HCJ 



m , nh 2 



. A) N-(diphenylmethylene)Phe-OMe 

35' 

[0123] To a stirring suspension of Phe-OMe»HCI (89.3 g, 414 mmol) in dichloromethane (500 mL) was added a 
solution of benzophenone imine (75 g, 414 mmol) in dichloromethane (400mL) : After stirring for 16 h, the solution was 
filtered, washed with water, dried (Na 2 S0 4 ) and concentrated in vacuo. The residue was recrystallized from diethyl 
ether to give 107 g (75% yield) of white solid: 
40 1 H NMR; 

FD-MS m/e 343 (M+). 

B) N-(dlphenylmethylene)-Phe(aEt)-OMe 

4S [01 24] To a stirring solution of potassium t-butoxide (9 g, 80 mmol) in tetrahydrof uran (500 mL) at -78 °C was added 
a solution of N-(diphenylmethylene)Phe-OMe (25 g, 73 mmol) in tetrahydrofuran (250 mL). After 10 min, a solution of 
ethyl iodide (1 2.5 g, 80 mmol) in tetrahydrofuran (200 mL) was add ed. The cold bath was then removed and the solution 
was allowed to stir for 16 h. The solution was then filtered and the solvent was removed in vacuo. The residue was . 
dissolved In diethyl ether and washed twice with water, once with brine, and then dried (Na 2 S0 4 ), filtered and concen- 

50 trated in vacuo. The residue was chromatographed over silica gel, eluting with a step gradient of 5% ethyl acetate: 
hexanes through 10% ethyl acetate:hexanes. The product containing fractions as judged by TLC were combined and 
concentrated in vacuo to yield 18.1 g (70% yield) of a thick yellow oil* 
'HNMR; 

FD-MS m/e 371 (M + ). 

55 

0) D,L-Phe(aEt)-OMe. 

[0125] To a stirring solution of N-(diphenylmethylene)-Phe(aEt)-OMe (17.6 g, 47.4 mmol) in methanol (200 mL) was 
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added 5 N HCl (1 5 mL, 75 mmol). After 3 h, the solvent was removed in vacuo and the residue was dissolved in water 
and washed three times with diethyl ether. The aqueous phase was then adjusted to pH 10 with solid NaHCOj and 
extracted three times with ethyt acetate. The combined ethyl acetate extracts were then dried (NagSO^, tittered and 
concentrated in vacuo to give 8.75 g (89% yield) of clear, colorless oil: 
$ 1 H NMR; 
. FD-MS m/e 208 (MH + ). 

D) D,L-Phe(aEt)-OH 

id [01 26] To a stirring solution of D,L-Phe(aEt)-OMe (24 g, 116 mmol) in tetrahydrof uran (200 mL) was added 5 N NaOH 
(24 mL, 120 mmol), followed by water (50 mL) and methanol (50 mL) and the solution was heated to reflux. After 16 
h, the solution was cooled to room temperature and the solvents were removed in vacuo. The residue was dissolved 
in water and washed three times with diethyl ether. The pH was adjusted to 6 with 5 N HCl and the solution was 
concentrated to a volume of about 50 mL in vacuo. The precipitate was filtered, washed with water and dried to give 

is 17.5 g (78% yield) of white solid: 
1 H NMR; 

FD-MS m/e 1 94 (MH+); 



20 



Analysis calculated 


forC n H 1£ 


N0 2 : 


j C 68.37, 


H7.B2, 


N 7.25; 


Found \ C 68.58, 

: 


H 7.65, 


N7.41. 



E) EtOC0-D-Phe{aEt)-Pro-Arg-H*HCI 

25 

[01 27] By methods substantially equivalent to those described in Example 5, 2.65 g of EtOCO-D-Phe(aEt)-Pro-Arg- 
H*HC1 ethanolate was prepared from D,L-Phe(aEt)-OH. Purification of EtOCO-D-Phe{ctEt)-Pro-Arg-H»HCI ethanolate 
by RPHPLC was not required. The diastereomeric peptides were separated at the dipeptide ester stage (see Example 
5-B) by silica gel chromatography (EtOCO-D-Phe(aEt)-Pro-OBzl; TLC R f = 0.66, 50% ethyl acetate :hexanes): 
30 iH NMR; 

FAB-MS m/e 503 <MH + ); 



35 . 



Analysis calculated for ^(^3^05-1.1 HCIO.5 EtOH: 


Found 


C 55.20, H7.50, N 14.85, CI 6.89; 
C 55.19, H7.13, N 14.55, CI 6.79. 



• Example 14 

40 Preparation of N-Ethoxycarbonvlphenvlalanvlf(xethvl)-L-prolinvl-L-arginine Aldehyde Hydrochloride 
[0128] 




HCl 



EtOCO-Phe(aEt)-Pro-Arg-H-HCI 
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[0129] By methods substantially equivalent to those described in Example 13, 2.15 g of EtOCO-Phe(aEt)-Pro-Arg- 
H*HCI ethanolate were prepared from EtOCO-Phe(aEt)-Pro-OBzl (TLC Rt = 0.77, 50% ethyl acetate:hexanes). Puri- 
fication ol EtOCO-Phe(oEt)-Pro-Arg-H*HCI ethanolate by RPHPLC was not required: 
1 HNMR; 
s . FAB-MS m/e 503 (MH+); 



Analysis calculated for O^H^Hfi^ HCW.5 EtOH: 
! C5£17, H7.24, N 14.04; 
70 Found | C 52.33, H6.96, N 13.99. 

Example 15 

Preparation of N-Ethoxvcarbonyl-D-phenvlatanvlfan^ropvn-L-prolinvl-L-arginine Aldehyde Hydrochloride 

15 

[0130] 



20 



2B 




* HCl 



A) D,L-Phe(ctn-Pr)-OMe 

[01 31 J By methods substantially equivalent to those described in Example 1 3-A and 1 3-B, 10.1 g (63%) of D,1_-Phe 
35 (ah-Pr)-OMe was prepared from N-(diphenylmethylene)-Phe-OMe and n-propyl iodide: 
1 H NMR; 

FD-MS m/e 222 (MH+). 

B) EtOCO-D,L-Phe(oen-Pr)-OH 

[0132] To a stirring solution of D,L-Phe(an-Pr)-OMe (9 g, 41 mmo!) in tetrahydrofuran (250 mL) at 0 °C was added 
. N.N-diisopropylethylamine (5.3 g, 41 mmol) followed by ethyl chloroformate (4.4 g, 41 mmol). After 3.5 h, the solvent 
was removed in vacuo and the residue was dissolved in ethyl acetate. The organic phase was washed twice with 
saturated aqueous NaHC0 3 , once with brine, and then dried (Na 2 S0 4 ), filtered and concentrated in vacuo. 

45 [0133] The residue was dissolved in tetrahydrofuran (120 mL) and to this solution was added 5 N NaOH (11 mL, 55 
mmol) with vigorous stirring, followed by methanol (30 mL). The solution was heated to 55 °C and allowed to stir for 
48 h. The solution was then cooled to room temperature and the solvents were removed in vacuo. The residue was 
dissolved in water and washed twice with diethyl ether. The aqueous phase was adjusted to pH 3 with cone. HCl and 
. extracted twice with ethyl acetate. The combined ethyl acetate extracts were dried (Na 2 S0 4 ), filtered and concentrated 

so in vacuo to yield. 10.3 g (91%) of a yellow solid: 
THNMR; 

FD-MS m/e 279 (M 4 ). 

C) EtOCO-D-Phe(an-Pr)-Pro-Arg-H*HCI 

ss 

[01 34] By methods substantially equivalent to those described in Example 5-B, 5-C, 5-G and 5-H, 0.69 g of EtOCO- 
D-Phe(cen-Pr)-Pro-Arg-H»HCI was prepared. The diastereomeric peptides were separated at the dipeptide ester stage 
. (see Example 5-B) by silica gel chromatography (EtOCO-D-Phe(on-Pr)-Pro-OBzl; TLC Rf = 0.77, 50% ethyl acetate: 
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hexanes). EtOCO-D-Phe(ccn-Pr)-Pro-Arg-H»HCI was purified by RPHPLC (98/2 (A/B). 60 min; to 80/20 (A/B), 300 min); 
1 H NMR; ... 
FAB-MS m/e 517 (MH + j; 



5 Analysis calculated for C 26 H 40 N 6 O 5 «HC I: 

j C 56.46, H7.47, N 15.19; 
Found | C 56.22, H7.41, N 15.11.. 

io Example 16 

Preparation of N-Ethoxvcarbonvlphenvlalanvlfan-propvl)-L-prolinyl-L-arQinine Aldehyde Hydrochloride 
[0135] 



20 



25 




• HCl 



NH NH 2 



30 EtOCO-Phe((xn-Pr)-Pro-Arg-H»HCI 

[01 ?6] By methods substantially equivalent to those described in Example 15, 0.34 g of EtOCO-Phe(an-Pr)-Pro-Arg- 
H^HCI was prepared from EtOCO-Phe(otn-Pr)-Pro-OBzl (TLC R, = 0.67, 50% ethyl acetate:hexanes). EtOCOrPhefccn- 
Pr)-Pro-Arg-H»HCI was purified by RPHPLC (98/2 (A/B), 60 min; to 80/20 (A/B), 300 min): 
1 H NMR; 

35 FAB-MS m/e 517 (MH+j; 



Analysis calculated lor C 2 6H4qN 6 0 5 »HCI: 

j C 56.46, H7.47, N 15.19; 
Found \ C 56.75, H7.55, N 15.47. 
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Example 17 

Preparation of N-Ethoxvcarbonvl-D-phenvlaianvl(an-butvn-L-prolinvl-L-arQine Aldehyde Hydrochloride 
e [0137] 



EtOCO-NH v n-Bu 




° 1 



HCI 



NH 

A 

NH NH 2 



EtOCO-D-Phe(on-Bu)-Pro-Arg-H"HCI 

[01381 By methods substantially equivalent to those described in Example 15, 2.2 g of EtOCO-D-Phe(ouvBu)-Pro- 
. Arg-H»HCI was prepared, starting with N-(diphenylmethylene)-Phe-OMe and n-birtyl iodide. The diastereomeric pep- 
tides were separated at the dipeptide ester stage (see Example 5-B) by silica gel chromatography (EtOCO-D-Phe(ccn- 
Bu)-Pro-OBzl; TLC Rf = 0.86, 50% ethyl acetate :hexanesj. EtOCO-D-Phe (an -Bu)-Pro-Arg-H»HC I was purified by 
RPHPLC (98/2 (A/B), 60 min; to 85/1 5 (A/B), 300 min): 
1 H NMR; 

FAB-MS m/e 531 (MH+); 



Analysis calculated for C 2 7H 42 N 6 0 5 »HCl: 



j C 57.18, 
Found | C 57.32, 



H 7.64, 
H7.74, 



N 14.82; 
N 14.95. 



35 Example 18 

Preparation of N-Ethoxvcarbonvlphenylalanvlfccn-butyl)-L>prolinvi-L-arginine Aldehyde 
[0139] 



40 



EtOCONH ^n-Bu 
Ph. X. ^0 




° \ 



HCI 



NH 

x 

NH NH 2 



EtOCO-Phe(an-Bu)-Pro-Arg-H»HCI 

[0140] By methods substantially equivalent to those described in Example 17, 1.47 g of EtOCO-Phe(otn-Bu)-Pro- 
Arg-r*HCI was prepared from EtOCO-Phe(an-Bu)-Pro-OBzl (TLC R, = 0.74, 50% ethyl acetate:hexanes). EtOCO-Phe 
(on-Bu)-Pro-Arg-H*HCI was purified by RPHPLC (98/2 (MB), 60 min; to 85/1 5 (A/B), 300 min): 
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1 H NMR; 

FAB-MS m/e 531 (MH + ); . 



5 



. Analysis calculated for C 27 H 42 N 6 0 5 »HCt: 


Found: 


C 57.18, H7.64, N 14.82; 
C 56.92, H7.59, N 14.76. 



Example 19 

Preparation of N-Ethvisulf CTwHDX)-phenY^ Aldehyde Hydrochloride 

[0141] 

is 



20 



25 




• HC1 



30 EtS0 2 -D,L-Phg(oMe)-Pro-Arg-H»HCl 

[01 42] By methods substantially equivalent to those described in Example 15, 0.21 g of EtSC^-D,L-Phg(cxMe)-Pro- 
Arg-H*HCI hydrate was prepared starting from D,L-Phg-OMe»HCI and using EtS0 2 CI in place of EtOCOCI, and CH 3 I 
in place of n-propyliodide. EtS0 2 -D,L-Phg(aMe)-Pro-Arg-H*HC! hydrate was purified by RPHPLC (98/2 (A/B), 30 min; 
to 80/20 (A/B), 240 min). The diastereomers could riot be separated during the course of this synthesis and thus, the 

35 product was prepared and tested as a mixture of isomers: 
'HNMFt; 

FAB-MS m/e 495 (MH + ); 



Analysis calculated for C^H^NgOgS'l .2 HCMH 2 0: 


Found 


•C 47.49, H6.74, N 15.10; 
C 47.50, H6.44, N 14.91. 
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Example 20 

Preparation of N-Ethoxvcar bonvlqtvcinvl/a,adm-butvn-L-prolinvl-L-arQinine Aldehyde Hydrochloride 
$ [0143] 



20 



EtOCCL 



NH 




HCl 



NH 

x 

NH NH 2 



EtOCO-GIyfccodi-n-BuJ-Pro-Arg-H-HCI 

[0144] By methods substantially equivalent to those described in Example 15, 1.4 g of EtOCO-Gly(a,<xdi-n-Bu>Pro- 
Arg-H»HCI hydrate was prepared starting with N-(diphenylmethylene)Gly-OEt and two equivalents of n-butyl iodide. 
Reduction of the intermediate EtOCO-GIy(a,adi-n-Bu)-Pro-Arg(Cbz)lactam was accomplished by a method similar to 
that described in Example 5-G, except lithium aluminum hydride was used as the reducing agent at -78 °C. EtOCO- 
Gty(a,odi-n-Bu)-Pro-Arg-H*HCI hydrate was purified by RPHPLC (98/2 (A/8), 60 min; to 80/20 (A/B), 320 minV 
1 H IMMR; * >• 

FAB-MS m/e 497 (MH + ); 



Analysis calculated for C 24 H 44 N 6 O s «1.2 HCI«H 2 0: 



! C 51.62, H8.52, N 15.05, CI 7.62; 
Found | C 51,82, H7.91, N 14.69, CI 775. 



Example 21 

Preparation of N>M ethvlsulfonvl-D-phenvlalanvlfcxmethvn-L-prolinvl-L-arQinine Aldehvde Hydrochloride 
40 [0145] 



55 



MeS0 2 




HCl 



NH 

A 

NH NH 2 



MeS0 2 -r>Phe(aMe)-Pro-Arg-H-HCI 

[0146] By methods substantially equivalent to those described in Example 6, 0.16 g of MeS0 2 -D-Phe(aMe)-Pro- 
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Arg-H^HCI hydrate was prepared, using MeS0 2 CI in place of.EtS0 2 CI. The diastereomeric peptides were separated 
at thetnpept.de arginine aldehyde stage by RPHPLC (98/2 (A/B), BO min; up to85/15 (A/B), 320 min). Stereochemistry 
is tentatively assigned based on the thrombin inhibitory activity ot Example 21 and Example 22: ■ • 

1 H NMR; 

FAB-MS m/e 495 (MH+); 



10 . 



Analysis calculated for CggH^NgOsS^.I HCM 2 0: 



Found 



C 47.81, 
C 47.73, 



H 6.77, N 15.20, 
H6.45, N 15.25, 



CI 7.06; 
CI 7.12. 



Example 22 

Preparation of N-Methylsulfonylphenvlalanvlfa m ethvn-L-Drolinvl-L-arQinine Aldehyde Hydrochloride 
[0147] 



MeS0 2 ^ 



25 



45 



NH 



° \ 



HC1 



NH 

x 

NH NH 2 



MeS0 2 -Phe(oMe)-Pro-Arg-H»HCI 

[0148] By methods substantially equivalent to those described in Example 6, 0.16 g of MeSa>-Phe(aMe)-Pro-Arg- 
H-HCI hydrate was prepared, using MeS0 2 Cl in place of EtS0 2 a The diastereomeric peptides were separated at the 
rtpept.de arginine aldehyde stage by RPHPLC (98/2 (A/B), 80 min; up to 85/15 (A/B), 320 min); Stereochemistry is 
1 tt NM aSSI9ned baSGd 00 the thrombin inhib itory activity of Example 21 and Example 22: 
FAB-MS m/e 495 (MH + ); 



Analysis calculated for C 22 H 34 N 6 O s SM,1 HCI»H 2 0: 



C 47.81, H6.77, N 15.20, CI 7.06; 
Found 1 C 47.81, H6.38, N 14.96, C17.06. 



[01 49} The compounds of the invention are believed to selectively inhibit thrombin over other proteinases and nonen- 
zyme protems involved in blood coagulation without appreciable interference with the body's natural clot lysing ability 
the compounds have a low inhibitory effect on fibrinolysis). Further, such selectivity is believed to permit use with 
thrombolytic agents without substantial interference with thrombolysis and fibrinolysis. Further, the compounds of the 
present invention are believed to be orally active. 

[01 SO] The invention in one of its aspects provides a method of inhibiting thrombin in mammals comprising admin- 
mf«i 9 °£ mamma ' ' n ne6d ° f treatment an effective (thrombin inhibiting) dose of a compound of formula I 
[0151] The mvention in another of its aspects provides a method of inhibiting coagulation in mammals comprising 
mi «T t!? 9 t0 m3mma ' in ne8d ° f treatment 3/1 effective (coagulation inhibiting) dose of a compound of formula I 
[01 52] The thrombin inhibition, coagulation inhibition, and thromboembolic disorder treatment, contemplated by the 
present method includes both medical therapeutic and/or prophylactic treatment as appropriate 
[01 1 53] In a further embodiment the invention relates to treatment, in a human or animal, of conditions where inhibition 
of thrombin is required. The compounds of the invention are expected to be useful in animals, including man in treat- 
ment or prophylaxis of thrombosis and hypercoagulability in blood and tissues. Disorders in which the compounds 
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have a potential utility are in treatment or prophylaxis of thrombosis and hypercoagulability in blood and tissues. Dis- 
orders in which the compounds have a potential utility, in treatment and/or prophylaxis, include venous thrombosis and 
pulmonary embolism, arterial thrombosis, such as in myocardial ischemia, myocardial infarction, unstable angina, 
thrombosis-based stroke and peripheral arterial thrombosis. Further, the compounds have expected utility in prophy- 

s Iaxi9 of atherosclerotic diseases such as coronary arterial disease, cerebral arterial disease and peripheral arterial 
disease. Further, the compounds are expected to be useful together with thrombolytics in myocardial infarction. Further, 
the compounds have expected utility in the treatment or prophylaxis for reocclusion after thrombolysis, percutaneous 
transluminal angioplasty (PTCA) and coronary bypass operations. Further, the compounds have expected utility in 
■ ; prevention of rethrombosis after microsurgery. Further, the compounds are expected to be useful in anticoagulant 

10 treatment in connection with artificial organs and cardiac valves. Further, the compounds have expected utility in an- 
ticoagulant treatment In hemodialysis and disseminated intravascular coagulation. A further expected utility is in rinsing 
of catheters and mechanical devices used In patients in vivo, and as an anticoagulant lor preservation of blood, plasma 
and other blood products in vitro. Still further, the compounds have expected utility in other diseases and disorders 
where blood coagulation could be a fundamental contributing process or a source of secondary pathology, such as 

is cancer, including metastasis, inflammatory diseases, including arthritis and diabetes. The anti-coagulant compound is 
administered orally or parenterally e.g. by intravenous infusion (iv), intramuscular injection (im) or subcutaneously (sc). 
[0154] The specific dose of a compound administered according to this invention to obtain therapeutic and/or pro^ 
phylactic effects will, of course, be determined by the particular circumstances surrounding the case, including, for 
example, the compound administered, the rate of administration, the route of administration, and the condition being 

20 treated. 

[0155] A typical daily dose for each of the above utilities is between about 0,01 mg/kg and about 1000 mg/kg. The 
dose regimen may vary e.g. for prophylactic use a single daily dose may be administered or multiple doses such as 3 
or 5 times daily may be appropriate. In critical care situations a compound of the invention is administered by iv infusion 
at a rate between about 0.01 mg/kg/h and about 20 mg/kg/h and preferably between about 0.1 mg/kg/h and about 5 
25 mg/kg/h. 

[0156] The method of this invention also is practiced in conjunction with a clot lysing agent e.g. tissue plasminogen 
activator (t-PA), modified t-PA, streptokinase or urokinase. In cases when clot formation has occurred and an artery 
or vein is blocked, either partially or totally, a clot lysing agent is usually employed. A compound of the invention can 
be administered prior to or along with the lysing agent or subsequent to its use, and preferably further is administered 

30; along with aspirin to prevent the reoccurrence of clot formation. 

[0157] The method of this invention is also practiced in conjunction with a platelet glycoprotein receptor (llb/llla) 
antagonist, that inhibits platelet aggregation. A compound of the invention can be administered prior to or along with 
the llb/llla antagonist or subsequent to its use to prevent the occurence or reoccurrence of clot formation. - 
[0158] The method of this invention is also practiced in conjunction with aspirin. A compound of the invention can 

35 be administered prior to or along with aspirin or subsequent to its use to prevent the occurrence or reoccurrence of 
clot formation. As stated above, preferably a compound of the present invention is administered in conjunction with a 
clot lysing agent and aspirin. 

[01 59] This invention also provides pharmaceutical formulations for use in the above described therapeutic method. 
Pharmaceutical formulations of the invention comprise an effective thrombin inhibiting amount of a compound of formula 

40 I in association with a pharmaceutical^ acceptable carrier, excipient or diluent. For oral administration the antithrom- 
botic compound is formulated in gelatin capsules or tablets which may contain excipients such as binders, lubricants, 
disintegration agents and the- like. For parenteral administration the antithrombotic is formulated in a pharmaceutical^ 
acceptable diluent e.g. physiological saline (0:9%), 5% dextrose, Ringer's solution and the like. 
[0160] The compound of the present invention can be formulated in unit dosage formulations comprising a dose 

4S between about 0. 1 mg and about 1000 mg. Preferably the compound is in the form of a pharmaceutical^ acceptable 
salt such as for example the sulfate salt, acetate salt or a phosphate salt. An example of a unit dosage formulation 
comprises 5 mg of a compound of the present invention as a pharmaceutical^ acceptable salt in a 1 0 ml sterile glass 
ampoule. Another example of a unit dosage formulation comprises about 1 0 mg of a compound of the present invention 
as a pharmaceutical^ acceptable salt in 20 ml of isotonic saline contained in a sterile ampoule. 

50 [01 61] The compounds can be administered by a variety of routes including oral, rectal, transdermal, subcutaneous, 
intravenous, intramuscular, and intranasal. The compounds of the present invention are preferably formulated prior to 
administration. Another embodiment of the present invention is a pharmaceutical formulation comprising an effective 
amount of a compound of Formula I or a pharmaceutical acceptable salt or solvate thereof in association with a 
pharmaceutical^ acceptable carrier, diluent or excipient therefor. 

55 [0162] The active ingredient in such formulations comprises from 0.1% to 99.9% by weight of the formulation. By 
■pharmaceutically acceptable" it is meant the carrier, diluent or excipient must be compatible with the other ingredients 
of the formulation and not deleterious to the recipient thereof. 

[0163] The present pharmaceutical formulations are prepared by known procedures using well known and readily 
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available ingredients, "The compositions of this invention may be. formulated so as to provide quick, sustained, or de- 
layed release of the active ingredient after administration to the patient by employing procedures well know in the art 
In making the compositions, ot the present invention, the active ingredient will usually be admixed with a carrier, or 
diluted by a carrier, or enclosed within a carrier which may be in the form of a capsule, sachet, paper or other container 
When the carrier serves as a diluent, it may be a solid, semi-solid or liquid material which acts as a vehicle, excipient 
or medium for the active ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges, 
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols, (as a solid or in a liquid medium), soft 
and hard gelatin capsules, suppositories, sterile injectable solutions, sterile packaged powders, and the like. 
[0164] The following formulation examples are illustrative only. "Active ingredient,' of course, means a compound 
according to Formula I or a phanmaceutically acceptable salt or solvate thereof. 

Formulation 1 

[0165] Hard gelatin capsules are prepared using the following ingredients: 



so 





Quantity (mg/capsule) 


Active ingredient 


250 


Starch, dried 


200 


Magnesium stearate 


10 


Total 


460 mg 



Formulation 2 

25 [0166] A tablet is prepared using the ingredients below: 





Quantity (mg/capsule) 


Active ingredient 


,250 


Cellulose, microcry stall ine 


400 


Silicon dioxide, fumed 


10 


Stearic acid 


5 


Total 


. 665 mg 



35 The components are blended and compressed to form tablets each weighing 665 mg 
Formulation 3 

[0167] An aerosol solution is prepared containing the following components: 

40 







Weight 




Active ingredient 


0.25 




Ethanol 


25.75 


45 


Propellant 22 (Chlorodifiuoromethane) 


70.00 




Total . 


Toooo 



55 



[0168] The active compound is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled 
to -30 °C and transferred to a filling device. The required amount is then fed to a stainless steel container and diluted 
with the remainder of the propellant. The valve units are then fitted to the container. 

Formulation 4 

[0169] Tablets, each containing 60 mg of active ingredient, are made as follows: 



Active ingredient 
Starch 



60 mg 
45 mg 
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(continued) 



Macrocrystalline cellulose 

Polyvinylpyrrolidone {as 10% solution in water) 

Sodium carboxymethyl starch 

Magnesium stearate 

talc 

Total 




[0170] The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thoroughly. 
The aqueous solution containing polyvinyl- pyrrolidone is mixed with the resultant powder, and the mixture then is 
passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50 °C and passed through a No, 18 
mesh U.S. Sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously passed through a No. 
60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a tablet machine to yield 
tablets each weighing 150 mg. 

Formulation 5 

[0171] Capsules, each containing 80 mg of active ingredient, are made as follows: 



Actice ingredient 


80 


mg 


Starch 


59 


mg 


Microcrystalline cellulose 


59 


mg 


Magnesium stearate 


2 


mg 


Total 


200 


mg 



[0172] The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 mesh 
U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 

Formulation 6 

[0173] Suppositories, each containing 225 mg of active ingredient, are made as follows: 



35 


Active ingredient 


225 mg 




Saturated fatty acid glycerides 


2,000 mg 




Total 


2,225 mg 



40 



45 



SO 



[0174] The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2 g capacity and allowed to cool. 

Formulation 7 

[0175] Suspensions, each containing 50 mg of active ingredient per 5 ml dose, are made as follows: 



Active ingredient 


50 mg 


Sodium carboxymethyl cellulose 


50 mg 


Syrup . , 


1.25 ml 


Benzoic acid solution 


0.10 ml 


Flavor 


q.v. 


Color 


q.v. 


Purified water to total 


5 ml 



[0176] The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl 
cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with a portion of 



35 



20 



3$ 



40 
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the water and added, with stirring. Sufficient water is then added to produce the required volume. 
Formulation 8 

[0177] An intravenous formulation may be prepared as follows: 



Active ingredient 


100 mg 


Isotonic saline 


1,000 ml 



[0178) The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 ml 
per minute. 

[0179] The compounds provided by the invention (formula I) selectively inhibit the action of thrombin in mammals. 
[0160] The ability of the compounds of the present invention to be an effective and orally active thrombin inhibitor is 
evaluated in one or more of the following assays. 

[01 61 J The inhibition of thrombin is demonstrated by in vitro inhibition of the amidase activity of thrombin as measured 
in an assay in which thrombin hydrolyzes the chromogenic substrate, N-benzoyl-L-phenylalanyl-L-valyl-L-arginyl-p- 
nitroanilide, N-benzOyl-L-Phe-L-Val-L-Arg-p-nitroanilide. 

[0182] The assay is carried out by mixing 50 uJ buffer (0.03M Tris, 0.15M NaCI, pH 7.4), 25 uJ of human thrombin 
solution (purified human thrombin, Enzyme Research Laboratories, South Bend, Indiana, at 8 NIH unitsVml) and 25 uJ 
of test compund in a solvent (in 50% aqueous methanol, v:v). Then 150 p.l of an aqueous solution of the chromogenic 
substrate (at 0.25 mg/mf) are added and the rates of hydrolysis of the substrate are measured by monitoring the 
reactions at 405 nm for the release of p-nitroaniline. Standard curves are constructed by plotting free thrombin con- 
centration against hydrolysis rate. The hydrolysis rates observed with test compounds are then converted to "free 
thrombin' values in the respective assays by use of the standard curves. The bound thrombin (bound to test compound) 
is calculated by subtracting the amount of free thrombin observed in each assay from the known initial amount of 
thrombin used in the assay. The amount of free inhibitor in each assay is calculated by subtracting the number of moles 
of bound thrombin from the number of moles of added inhibitor (test compound). 

[0183] The Kass value is the hypothetical equilibrium constant for the reaction between thrombin and the test com- 
pound (I). 

Thrombin + I : —Thrombin -I 



Kass = 



[Thrombin I] 
((Thrombin) x (I)] 



[0184] Kass is calculated for a range of concentrations of test compounds and the mean value is reported in units 
of liter per mote. 

[01 85] By substantially following the procedures described above for human thrombin, and using other human blood 
coagulation system serine proteases, and using fibrinolytic system serine proteases, with the appropriate chromogenic 
substrates, identified below, selectivity of the compounds of the present invention with respect to the coagulation factor 
serine proteases and to the fibrinolytic serine proteases are evaluated as well as their substantial lack of interference 
with human plasma clot fibrinolysis. 

[0186] Human factors X, Xa, IXa, Xta, and Xlla are purchased from Enzyme Research Laboratories, South Bend, 
Indiana; human urokinase from Leo Pharmaceuticals, Denmark; and recombinant activated Protein C (aPC) is prepared 
at Eli Lilly and Co. substantially according to U.S. Patent 4,981 ,952. Chromogenic substrates: N-Benzoyl-lle-Glu-Gly- 
Arg-p-nitroanilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-nitroanilide (for factor IXa assay as the factor Xa substrate); 
Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor XIa and for aPC); H-D-Pro-Phe-Arg-p-nitroanilide (for factor Xlla); and 
Pyroglutamyl-Gly-Arg-p-nitroanilide (for urokinase); are purchased from KabiVitrum, Stockholm, Sweden, or from Mid- 
west Biotech, Fishers, Indiana. Bovine trypsin is purchased from Worthington Biochemicals, Freehold, New Jersey, 
and human plasma kallikrein from Kabi Vitrum, Stockholm, Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p-ni- 
troanilide for plasma kallikrein is purchased from Kabi Vitrum, Stockholm, Sweden. N-Benzoyl-Phe-Val-Arg-p-nitroani- 
lide, the substrate for human thrombin and for trypsin, is synthesized according to procedures described above for the 
compounds of the present invention, using known methods of peptide coupling from commercially available reactants, 
or purchased from Midwest Biotech, Fishers, Indiana. 

[0187] Human ptasmin is purchased from Boehringer Mannheim, Indianapolis, Indiana; nt-PA is purchased as single 
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chain activity reference from American Diagnostics, Greenwich, Connecticut; modified-t-PA6 (mt-PA6) is prepared at 
Eli Lilly and Company by procedure known in the art (See, Burck, et aL J. Biol. Chem. . 265 , 51 20-51 77 (1 990). Plasmin 
chromogenic substrate H-D-Val-Leu-Lys-p-nrtroanilide and tissue plasminogen activator (t-PA) substrate H-D-lle-Pro- 
Arg-p-nitroanilide are purchased from Kabi Vitrum, Stockholm, Sweden. 
s [01 88] In the chromogenic substrates described above the three-letter symbols He, Glu, Gty, Pro, Arg, Phe, Val, Leu 
and Lys are used to indicate the corresponding amino acid group isoleucine, glutamic acid, glycine, proline, arginine, 
phenylalanine, valine, leucine and lysine, respectively. 

[01 89] Table 1 which follows lists the Kass value obtained with the indicated compound represented by the formula 1 . 
w Table 1 



is 



45 



Kass (L/mol x 1 0 s ) 


Example No. 


Human Thrombin 


Xa 


Trypsin 


Plasmin 


t.PA 


1 


79. 


0.06 


29. 


0.55 


0.02 


2 


12. 


0.13 


14. 


0.31 


O.O034 


3 


350,. 


0.27 


43. 


0.77 


0.0045 


4 


75. 


0.12 


17. 


0.17 


0.0028 


5 


75. 


. 0.044 


.2.4 


0.059 


0.00079 


6 


24. 


0.11 


20. 


0.31 


0.051 


'. 7 


5.0 


0.025 


1.7 


0.020 


0.00072 


8 


25. 


0.013 


1.3 


0.0083 


0.0022 


9 


3.2 


0.036 


0.42 


0.010 


0.00034 


10 


5.7 


0.024 


0.45 


0.0071 


0.0011 


11 


0.6 


0.027 


1.7 


0.056 


0.007 


12 


2.8 


0.002 


0.18 


0.001 


0.009 


13 


57. 


0.036 


4.9 


0.12 


0.002 


14 


6.5 


0.078.. 


4.7 


0.058 


0.001 


15 


47. 


0.030 


4.9 


0.12 


<0.001 


16 


38. 


0.077 


7.3 


0.074 


<0.001 


17 


66. 


O.095 . 


21. 


0.066 


<0.001 


18 


47. 


0.088 


15. 


0.13 


0.001 


19 


430. 


0.49 


42. 


1.2 . 


0.023 


20 


24. 


0.22 


38. 


0.24 


0.010 


21 


31. 


0.23 


28. 


0.56 . 


0.027 


22 


2.1 


0.033 


1 - 4 . 


0,031 


0.0023 



[0190] Thrombin inhibitors preferably should spare fibrinolysis induced by urokinase, tissue plasminogen activator 
(t-PA) and steptokinase. This would be important to the therapeutic use of such agents as an adjunct to streptokinase, 
t-PA or urokinase thrombolytic therapy and to the use of such agents as an endogenous fibrlnolysls-sparing (with 
respect to t-PA and urokinase) antithrombotic agents. In addition to the lack of interference with the amidase activity 
of the fibrinolytic proteases, such fibrinolytic system sparing can be studied by the use of human plasma clots and their 
lysis by the respective fibrinolytic plasminogen activators. 

Materials 

[01 91] Dog plasma is obtained from conscious mixed-breed hounds (either sex Hazelton-LRE, Kalamazoo, Michigan, 
U.S.A.) by venipuncture into 3.8 percent citrate. Fibrinogen is prepared from fresh dog plasma and human fibrinogen 
is prepared from in-date ACD human blood at the traction I-2 according to previous procedures and specifications. 
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Smith, Biochem. J„ 185 . 1-11 (1980); and Smith, et at, Biochemistry , J2, 2958-2967, (1972). Human fibrinogen (98 
percent pure/plasmin free) is from American Diagnostics, Greenwich, Connecticut. Radblabeiing of fibrinogen 1-2 prep- 
. arations is performedas previously reported. Smith, et al.. Biochemistry , 11. 2958-2967, (1 972). Urokinase is purchased 
from Leo. Pharmaceuticals, Denmark, as 2200 Ploug unitsA/ial. Streptokinase is purchased from Hoechst-Roussel 
- 5 Pharmaceuticals, Somerviile, New Jersey. 

Methods - Effects on Lysis of Human Plasma Clots by t-PA 

[01 92] Human plasma clots are formed in micro test tubes by adding 50 ul thrombin (73 NIH unit/ml) to 1 00 u t human 
io Vplasma which contained 0.0229 uCi 1 25-iodine labeled fibrinogen. Clot lysis is studied by overlaying the clots with 50 
ul of urokinase or streptokinase (50, 100, or 1000 unit/ml) and incubating for 20 hours at room temperature. After 
incubation the tubes are centrifuged in a Beckman Microfuge. 25 ul of supemate is.added into 1.0 ml volume of 0.03 
M tris/0.15 M NaCt buffer for gamma counting. Counting controls 100 percent lysis are obtained by omitting thrombin 
(and substituting buffer). The thrombin inhibitors are evaluated for possible interference with fibrinolysis by including 
15 the compounds in the overlay solutions at 1 , 5, and 1 0 ug/ml concentrations. Rough approximations of I Cgo values are 
estimated by linear extrapolations from data points to a value which would represent 50 percent of lysis for that particular 
concentration of fibrinolytic agent. 

Anticoagulant Activity 

20 . 

Materials 

[0193] Dog plasma and rat plasma are obtained from conscious mixed-breed hounds (either sex, hazelton-LRE, 
Kalamazoo, Michigan, U.S.A.) or from anesthetized male Sprague-Dawley rats (Harlan Sprague-Dawiey, Inc., Indian- 

25 apolis, Indiana, U.S.A.) by venipuncture into 3.8 percent citrate. Fibrinogen is prepared from in-date ACD human blood 
as the fraction I-2 according to previous procedures and specifications. Smith, Biochem. J. , 185 , 1-11 (1980); and 
Smith, et al., Biochemistry , 11., 2958-2967 (1972). Human fibrinogen is also purchased as 98 percent pure/plasmin 
free from American Diagnostica, Greenwich, Connecticut. Coagulation reagents ACTIN, Thromboplastin, and Human 
plasma are from Baxter Healthcare Corp., Dade Division, Miami, Florida.- Bovine thrombin from Parke-Davis (Ann 

30 Arbor, Michigan) is used for coagulation assays in plasma. 

Methods 

Anticoagulation Determinations 

35 

[01 94] Coagulation assay procedures are as previously described. Smith, e1 al.. Thrombosis Research , 50 , 1 63-1 74 
(1 988). A CoAScreener coagulation instrument (American LABor, Inc.) is used for all coagulation assay measurements. 
The prothrombin time (PT) is measured by adding 0.05 ml saline and 0.05 ml Thrombopiastin-C reagent to 0.05 ml 
test plasma. The activated partial thromboplastin time (APTT) is measured by incubation of 0.05 ml test plasma with 
40 0.05 ml Actin reagent for 120 seconds followed by 0.05 ml CaCI 2 (0.02 M). The thrombin time (TT) is measured by 
adding 0.05 ml saline and 0.05 ml thrombin (10 NIH unrts/ml) to 0.05 ml test plasma. The compounds of formula I are 
added to human or animal plasma over a wide range of concentrations to determine prolongation effects on the APTT, 
PT, and TT assays. Linear extrapolations are performed to estimate the concentrations required to double the clotting 
time for each assay. 

45 



Table 2 
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Human Plasma Anticoagulation 


Example No. 


2 x Clotting time (ng/roL) 


TT 


APTT 


PT 


1 


59 


1,800 


1,980 


2 


160 


2,100 


• 3,600 


3 


28 


960 


1,400 


4 


42 


1,400 


1,100 


5 


48 


2,500 


2,200 
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Table 2 (continued) 
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Human Plasma Anticoagulation 


Example No. 


2 x Clotting time (ng/mL) 


TT 


APTT 


PT 


6 


100 


1,600 


2,400 


7. 


190 


5,400 


6,100 


8 


220 


2,800 


4,200 


9 


300 


12,000 


11,000 


10 


1,000 


11,000 


9,200 


11 


300 


5,400 


7,300 


12 


1,800 


21,000 


37,000 


13 


93 


3,200- 


3,300 


14 


310 


5,000 


7,100 


15 


71 


4,100 


2,800 


16 


98 


2,700 


2,200 


17 


160 


3,400 


3,000 


18 


91 


3,100 


2,400 


19 


52 


1,200 • 


2,100 


20 


120 


3,000 


2,800 


21 


41 


1,500 


1,600 


22 


560 


12,000 


11,000 



Animals 

[0195] Ma|e Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley Inc., Indianapolis, IN) are anesthetized with 
xylazine (20 mg/kg, s.c.) and ketamine (1 20 mg/kg, s.c.) and maintained on a heated water blanket (37 °C), The jugular 
vein(s) is cannulated to allow for infusions. 
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Arlerfo* Venous shunt model 

[0196] The left jugular vein and right carotid artery are cannulated with 20 cm lengths of polyethytene PE 60 tubing. 
A 6 cm center section of larger tubing (PE 1 90) with a cotton thread (5 cm) in the lumen, is friction fitted between the 
longer sections to complete the arterio-venous shunt circuit. Blood is circulated through the shunt for 15 min before 
the thread is carefully removed and weighed. The weight of a wet thread is subtracted from the total weight of the 
thread and thrombus (see J. R. Smith, Br J Pharmacol , 77:29, 1 982). 

FeCIa model of arterial injury 

[01 97] The carotid arteries are isolated via a midline ventral cervical incision. A thermocouple is placed under each 
artery and vessel temperature is recorded continuously on a strip chart recorder. A cuff of tubing (0.058 ID x 0.077 OD 
x 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is placed around each carotid directly above the thermocouple. 
. FeCI 3 hexahydrate is dissolved in water and the concentration (20%) is expressed, in terms of the actual weight of 
FeCI 3 only. To injure the artery and induce thrombosis, 2.85 ul is pipetted into the cuff to bathe the artery above the 
thermocouple probe. Arterial occlusion is indicated by a rapid drop in temperature. The time to occlusion Is reported 
in minutes and represents the elapsed time between application of FeCta and the rapid drop in vessel temperature 
(see K.D. Kurz, Thromb . Res .. 60:269.1 990). 
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Spontaneous thrombolysis model 

[01 98] in Wfrodata suggests that peptide thrombin inhibitors inhibit thrombin and at higher concentrations may inhibit 
other serine proteases, such as plasmin and tissue plasminogen activator. To assess if the compounds inhibited fibri- 

5 nolysis in vivo, the rate of spontaneous thrombolysis is determined by implanting a labeled whole blood clot into the 
pulmonary circulation. Rat blood (1 mi) is mixed rapidly with bovine thrombin (4 IU, Parke Davis) and 125 l human 
fibrogen {5 u,Ci, ICN), immediately drawn into silastic tubing and incubated at 37 °C for 1 nr. The aged thrombus is 
expelled from the tubing, cut into 1 cm segments, washed 3X in normal saline and each segment is counted in a gamma 
counter. A segment with known counts is aspirated into a catheter that is subsequently implanted into the jugular vein. 

10 The catheter tip is advanced to the vicinity of the right atrium and the clot is expelled to float into the pulmonary circu- 
lation. One hour after implant, the heart and lungs are harvested and counted separately. Thrombolysis Is expressed 
as a percentage where: 

%Thrombolysis = W ected .°P m ; lun 9 c P m > x 100 
15 1 tnjected cpm 

. The fibrinolytic dissolution of the implanted clot occurs time-dependently (see J. P. Clbzet, Cardiovas . Pharmacol .. .12: 
520, 1988). 

20 Coagulation parameters 

[01 99] Plasma thrombin time (TT) and activated partial thromboplastin time (APTT) are measured with a f ibrometer. 
Blood is sampled from a jugular catheter and collected in syringe containing sodium citrate (3.8%, 1 part to 9 parts 
blood). To measure TT, rat plasma (0.1 ml), is mixed with saline (0.1 ml) and bovine thrombin (0.1 ml, 30 U/ml in TRIS 
25 buffer; Parke Davis) at 37 °C. For APTT, plasma {0. 1. ml) and APTT solution (0. 1 ml, Organon Teknika) are incubated 
for 5 minutes (37 °C) and CaC^ (0.1 ml 0.025M) is added to start coagulation. Assays are done in duplicate and 
averaged. 
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Index of Bioavailability 

[0200] A measure of bioactrvity, plasma thrombin time (TT), serves as a substitute for the assay of parent compound 
on the assumption that increments in TT result from thrombin inhibition by. parent only. The time course of the effect 
of the thrombin inhibitor 

35 Animals 

[0201] Male dogs (Beagles; 1 8 months-2 years; 1 2-1 3 kg, Marshall Farms, North Rose, New York 14516) are fasted 
overnight and fed Purina certified Prescription Diet (Purina Mills, St. Louis, Missouri) 240 minutes after dosing. Water 
is available ad libitum . The room temperature is maintained between 66-74 °F; 45-50% relative humidity; and lighted 
40 from 0600-1800 hours. 

Pharmacokinetic model. 

[0202] Test compound is formulated immediately prior to dosing by dissolving in sterile 0.9% saline to a 5 rrig/ml 
preparation. Dogs are given a single 2 mg/kg dose of test compound by oral gavage. Blood samples (4.5 ml) are taken 
from the cephalic vein at 0.25, 0.5, 0.75, 1 ,2,3,4 and 6 hours after dosing. Samples are collected in citrated Vacutainer 
tubes and kept on ice prior to reduction to plasma by centrifugation. Plasma samples are derivatized with dinitrophe- 
nylhydrazine and analyzed by HPLC (Zorbax SB-C8 column) eluting with methanol/SOO mM sodium acetate adjusted 
to pH7 with phosphoric acid (60:40, vAr). Plasma concentration of test compound is recorded and used to calculate 
so the pharmacokinetic parameters: elimination rate constant, Ke; total clearance, Clt; volume of distribution, V D ; time of 
maximum plasma test compound concentration, Tmax; maximum concentration of test compound at Tmax, Cmax; 
plasma half-life, t0.5; area under the curve, A.UC; and fraction of test compound absorbed, F. 
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Canine Model of Coronary Artery Thrombosis 

[0203] Surgical preparation and instrumentation of the dogs are as described In Jackson, et al. t Circulation . 82 , 
930-940 (1990). Mixed-breed hounds (aged 6-7 months, either sex, Hazelton-LRE, Kalamazoo, Ml, U.S.A.) are anes- 
thetized with sodium pentobarbital (30 mg/kg intravenously, i.v.), intubated, and ventilated with room air. Ttdai volume 
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and respiratory rates are adjusted to maintain blood PO^, PC0 2 , and pH within normal limits. Subdermal needle elec- 
trodes are inserted for the recording of a lead II ECG. 

[0204] The left jugular vein and common carotid artery are isolated through a left mediolateral neck incision. Arterial 
blood pressure (ABP) is measured continuously with a precalibrated Millar transducer (model (MPC-500, Millar Instru- 

5 ments, Houston, TX, U.S. A) inserted into the carotid artery The jugular vein is cannulated for blood sampling during 
the experiment. In addition, the femoral veins of both hindtegs are cannulated for administration of test compound. 
[0205J A left thoracotomy is performed at the fifth intercostal space, and the heart is suspended in a pericardial 
cradle. A 1 - to 2-cm segment of the left circumflex coronary artery (LCX) is isolated proximal to the first major diagonal 
ventricular branch. A26-gauge needle-tipped wire anodal electrode (Teflon-coated, 30-gauge silverplated copper wire) 

io 3-4 mm long is. inserted into the LCX and placed in contact with the intimal surface of the artery (confirmed at the end 
of the experiment). The stimulating circuit is completed by placing the cathode in a subcutaneous (s.c) site. An ad- 
justable plastic occluder is placed around the LCX over the region of the electrode. A precalibrated electromagnetic 
flow probe (Carolina Medical Electronics, King, NC, U.S.A.) is placed around the LCX proximal to the anode for meas- 
urement of coronary blood flow (CBF), The occluder is adjusted to produce a 40-50% inhibition of the hyperemic blood 

is flow response observed after 10-s mechanical occlusion of the LCX All hemodynamic and ECG measurements are 
recorded and analyzed with a data acquisition system (model M3000, Modular Instruments, Malvern, PA U.S. A). 

Thrombus Formation and Compound Administration Regimens 

20 [0206] Electrolytic injury of the intima of the LCX is produced by applying 1 00-uA direct current (DC) to the anode. 
The current is maintained for 60 min and then discontinued whether the vessel has occluded or not. Thrombus formation 
proceeds spontaneously until the LCX is totally occluded (determined as zero CBF and an increase in the S-T segment). 
Compound administration is started after the occluding thrombus is allowed to age for 1 h. A 2-h infusion of the com- 
pounds of the present invention at doses of 0.5 and 1 mg/kg/h is begun simultaneously with an infusion of thrombotic 

25 agent (e.g. tissue plasminogen activator, streptokinase, APSAC). Reperf usion is followed for 3h after administration 
of test compound. Reoccl usion of coronary arteries after successful thrombolysis is defined as zero CBF which per- 
sisted for £ 30 mtn. 

Hematology and template bleeding time determinations 

30 

[0207] Whole blood cell counts, hemoglobin, and hematocrit values are determined on a 40-ut sample of citrated 
(3.8%) blood (1 part citrate:9 parts blood) with a hematology analyzer (Cell-Dyn 900, Sequoia-Turner. Mount View, 
CA t U.S.A.). Gingival template bleeding times are determined with a Simplate ll bleding time device (Organon Teknika 
Durham, N.C., U.S.A). The device is used to make 2 horizontal incisions in the gingiva of either the upper or lower 
35 left jaw of the dog. Each incision Is 3 mm wide x 2 mm deep. The incisions are made, and a stopwatch is used to 
determine how tang bleeding occurs. A cotton swab is used to soak up the blood as it oozes from the incision. Template 
bleeding time is. the time from incision to stoppage of bleeding. Bleeding times are taken just before administration of 
test compound (0 min), 60 min into infusion, at conclusion of administration of the test compound (120 min), and at 
the end of the experiment. 

40 [0208] All data are analyzed by one-way analysis of variance (ANOVA) followed by Student-Neuman-Kuels post hoc 
f test to determine the level of significance. Repeated-measures ANOVA are used to determine significant differences 
between time points during the experiments. Values are determined to be statistically different at least at the level of 
p<0.05; All values are mean± SEM. All studies are conducted in accordance with the guiding principles of the American 
Physiological Society. Further details regarding the procedures are described in Jackson, et al. ( J. Cardiovasc . Phar- 

4$ macoj., 21, 587-599(1993), 



Claims 

so i. A compound having the formula 
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Oh H NH 

Y-C-X-N-CH- (Oi>) 3-N-C-NHa 



io . or a pharmaceuticalty acceptable salt thereof; or a pharmaceutical^ acceptable solvate of said compound or salt 
thereof; 
where 

R 1 is hydrogen; 
is x is prolinyl or azetidinyl-2-carbonyl; 

Y is a group 



20 



25 



3 I 

R 3 -p — 



where 

R 3 is C,-C 4 alkyl; 
30 Z 1 is a bond or -CH 2 -; 

R 4 is unsubstituted or monosubstituted phenyl; and * 
Z is -NHR 2 , where 

R 2 is -(C=0)R 5 in which R 5 is a 9 or 10 membered unsubstituted or monosubstituted fused bicyclic hete- 
rocyclic group having one nitrogen atom; or 
35 R 2 is a group -SQ 2 R e m which R 6 is C 1 -C 4 alkyl; or 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted saturated 
heterocyclic ring having one or two nitrogen atoms; 

and further where any aryl or heterocycle is unsubstituted or monosubstituted with a substituent that will 
40 afford a stable structure independently selected from halo, hydroxy!. C r C 4 alkyl, C r C 4 alkoxy, amino (-NH 2 ), mono 

(C,-^ alkyl)amino, mercapto, and (C,-C 4 alkyl)thio (-S(0) p C 1 -C 4 alkyl), -NHS(0) p C r C 4 alkyl), NHC(0)C r C 4 
alkyl, -S(0) p NH 2 , ^(OJpNHfa,-^ alkyl), and -S(0) p N(C r C 4 alkyl) 2 , where p is 0, 1 or 2. 

2. A compound or salt or solvate thereof as claimed in Claim 1 where 

45 

R 1 is hydrogen; 
Z is -NHR 2 , where 
R 2 is -(C=:0)R 5 ; 
R 3 is C r C 4 alkyl; 
so V\s-CH 2 -\ 

R 4 is unsubstituted or monosubstituted phenyl; 

R 5 is CyC 4 alkoxy, or a 9 or 10 membered unsubstituted or monosubstituted fused bicyclic heterocyclic group 
having one nitrogen atom; and pharmaceutical^ acceptable salts and solvates thereof. 

55 3. A compound or salt or solvate thereof as claimed in Claim 1 where 

R 1 is hydrogen; 
Z is -NHR 2 , where 
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F^is-SOaR 6 ; 
R 3 is Cj-C 4 alkyl 

R 4 is unsubstituted or monosubstituted phenyl; 
R 6 is C r C 4 alkyl. 

5 

4. A compound or salt or solvate thereof as claimed in Claim 1 where 

R 1 is hydrogen; 
Z is -NHR 2 ; 

10 R 4 is unsubstituted or monosubstituted phenyl; and 

R 3 and Z are taken together to afford an azetidinyi group, or a 5 or 6 membered unsubstituted saturated 
heterocyclic ring having one or two nitrogen atoms. 

5. A. compound or salt or solvate thereof as claimed, in any one of Claims 1 -4 where 

is 

alkyl by itself or as part of another substituent is methyl, ethyl, n-propyt, isopropyl, n-butyl, t-butyl ( isobutyl or 
sec-butyl; and 

halo is chloro, fluoro, bromo or iodo; 

a 9 or 10 membered heterocyclic ring is indolyl, quinolinyl or isoquinolinyl; 
20 and further where any aryi or heterocycle is unsubstituted or monosubstituted with a substituent that will afford 

a stable structure independently selected from halo, hydroxyl, C, -C 4 alkyl, C, -C 4 alkoxy, amino (-NH 2 ), (mono 
(C r C 4 alkyl) amino, mercapto, and (C r C 4 a!kyf)thio (-S(0) p C r C 4 alkyl), -NHS(0) p C r C 4 alkyl), NHC(0)C r 
C 4 alkyl, -S(0) p NH 2 , -S(0) p NH(C r C 4 alkyl), and -S(0) p N(C|-C 4 alkyl) 2 , where p is 0, 1 or 2. 

25 6. A compound or salt or solvate thereof as claimed in Claim 1 which compound is 1 -methyl indolyl-2-carbonyt-D- 
(amethyl)phenylglycinyl-L-a2etidinyl-2-carbonyl-L-arginine aldehyde. 

7. A compound or salt or solvate thereof as claimed in Claim 3 which compound is N-ethylsulfonyl-(D,L)-phenylgrycihyl 
. (amethyl)-L-prolinyl-L-arginine aldehyde. 

30 

8. A compound or salt or solvate thereof as claimed in Claim 4 which compound is prolinyl(abenzyl)-L-prolinyl-L- 
arginine aldehyde. 

. 9. A compound or salt or solvate thereof as claimed in Claim 4 which compound is azetidinyl(abenzyl)-L-prolinyl-L- 
35 arginine aldehyde. 

10. A pharmaceutical formulation comprising in association with a pharmaceutical^ acceptable carrier, diluent, or 
excipient, a compound of the formula i, or a pharmaceutieally acceptable salt or solvate thereof, as claimed in any 
one of Claims 1-9. 



Patentanspruche 

1. Verbindung der Formel 
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Oh hnh 
" 1 * 1 11 

Y-C-X-N-CH- (Ofc) 3-N-C-NH2 
50 C=0 

I 

R. 1 I 

odor ein pharmazeutisch annehmbares Salz hiervonoder ein pharmazeutisch annehmbares Solvat der verbindung 
55 oder des Salzes hiervon 

worin 

R 1 fur Wasserstoff steht. 
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XfOr Prolinyl Oder Azetidinyl-2-carbonyl steht. 
Y fur folgende Gruppe steht 



Z 




worin R 3 fur Alkyl steht 

ZMur eine Bindung oder -CH 2 - steht 

R 4 fur unsubstituiertes oder monosubstituiertes Phenyl steht, und 
Z fur -NHR 2 steht, worin 

R 2 fur -(C=0)R 5 steht, worin R 5 fur eine neun- oder zehngliedrige unsubstituierte oder monosubstituierte 
f usionierte bicyclische heterocyclische Gruppe mft einem Stickstoffatom steht oder 
R 2 fur eine Gruppe -S0 2 R 6 steht worin R 6 fur C r C 4 Alkyl steht, oder 

R 3 und Z unter Bildung einer Azetidinylgruppe oder eines funf-oder sechsgliedrigen unsubstituierten ge- 
sattigten heterocyclischen Rings mit ein oder zwei Stickstoffatomen zusammengenommen werden, 

und worin femer jedes Aryl oder jeder Heterocyclus unsubstituiert ist oder mit einem Substituenten monosubsti- 
tuiert ist, der eine stabile Struktur ergibt, unabhangig ausgewahtt aus Halogen, Hydroxy!, C r C 4 Alkyl, C, -C 4 Alkoxy. 
Amino (-NH 2 ), MonofC^-alkyOamino, Mercaptound.fC,-^ AikyQthio, (-S(0) p C r fc 4 Alkyl), -NHS{0) p C r C 4 Al- 
kyl), NHCPJC,-^ Alkyl, -S(0) p NH 2 , -S{0) p NH(C r C 4 Alkyl) und -S(O) N(C r C 4 Alkyl) 2 . worin p fur 0, 1 oder 2 
steht 

Verbindung oder Salz oder Solvat hiervon nach Anspruch 1 , worin 

R 1 fur Wasserstoff steht 

Z fur -NHR 2 steht, worin 

R 2 f Or -(C=0)R 6 steht . 

R 3 fur CyC 4 Alkyl steht 

Z1 fur -CH 2 - steht 

R 4 fur unsubstituiertes oder monosubstituiertes Phenyl steht 

R 5 fur C r C 4 Alkoxy oder eine neun- oder zehngliedrige unsubstituierte oder monosubstituierte f usionierte 
bicyclische heterocyclische Gruppe mit einem Stickstoffatom steht 

und pharmazeutisch anhehmbare Salze und Solvate hiervon. 

Verbindung oder Salz oder Solvat hiervon nach Anspruch 1 , worin 

R 1 fur Wasserstoff steht 
ZfOr-NHR 2 steht, worin 
R 2 f Or -SOgR 6 steht 
R 3 fur Alkyl steht 

R 4 fur unsubstituiertes oder monosubstituiertes Phenyl steht, und 
R 6 fur. C,-C 4 Alkyl steht 

Verbindung oder Salz oder Solvat hiervon nach Anspruch 1 . worin 

R 1 fur Wasserstoff steht, 
Z fur -NHR2 s teht, 

R 4 fur unsubstituiertes oder monosubstituiertes Phenyl steht und 

R 3 und Z unter Bildung einer Azetidinylgruppe oder eines f Qnf- oder sechsgliedrigen unsubstituierten gesat- 
tigten heterocyclischen Rings mil ein oder zwei Stickstoffatomen zusammengenommen werden. 
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5. Verbindung oder Sab oder Sotvat hiervon nach einem der Anspruche 1:4, worin 

AJkyl setbst oder als Toil elnes anderen Substituenten fOr Methyl, Ethyl, n-Propyl, Isopropyl, n-Butyl, t-Butyl, 

Isobutyl odersek-Butyl steht, und 

Halogen fur Chlor, Fluor, Brom oder lod steht, 

ein neun- oder zehngliedriger heterocyclischer Ring fur Indolyl, Chinolinyl oder Isochinolinyl steht, 

. und worin femer jedes Aryl oder jeder Heterocyclus unsubstftuiert ist oder mit einem Substituenten monosubsti- 
tutert ist. der eine stabile Struktur ergibt, unabhangig ausgewahlt aus Halogen. Hydroxyl, C, -C 4 Alkyl, C, -C 4 Alkoxy, 
Amino (-NH^, MonofCj-C^altylJamino, Mercapto und (C^C 4 Alkyl)thio, (-S(0) p C r C 4 Aikyl), -NHS(0) p C r C 4 Al- 
. kyl), NHqOJC,-^ Alkyl, -S(0) p NH 2 , -S(0) p NH(C r C 4 Alkyl) und -SP^NfC^ Alkyl) 2 , worin.p tQr 0, 1 oder 2 
steht. 

6. Verbindung oder Salz oder Solvat hiervon nach Anspruch 1 , wobei die Verbindung 1 -Methylindolyl-2-carbonyl-D- 
(a-rnethyQphenylgrycinyI-L-azetidinyl-2-^rbonyl-L-argininaldehyd ist 

7. Verbindung oder Sab oder Solvat hiervon nach Anspruch 3, wobei die Verbindung N-Ethylsul(onyl-(D,L)-phenyl- 
glycinyl-(a-methyl)-L-prolinyl-L-argininaidehyd ist. 

8. Verbindung oder Sab oder Solvat hiervon nach Anspruch 4, wobei die Verbindung Prolinyl-(a-benzyl)-L-prolinyl- 
L-argininaldehyd ist. 

9. Verbindung oder Sab oder Sotvat hiervon nach Anspruch 4 wobej die Verbindung Azetidinyl-(a-benzyI)-L-proiinyl- 
L-arginrnaldehyd ist. 

10. Pharmazeutische Formulierung, die zusammen mit einem pharmazeutisch annehmbaren Trager, Verdunnungs- 
mittel oder Hilfsstoff eine Verbindung der Forme! I oder ein pharmazeutisch annehmbares Salz oder Solvat hiervon 
nach einem der Anspruche 1 -9 enthalt. 



Revendications 

1. Compose repondant a ia formule 



ou un sel pharrnaceutiquerhent acceptable de celui-ci ; ou un solvate pharmaceutiquement acceptable dudit 




compose ou sel de celui-ci ; 
oD 



R 1 represente un atome d'hydrogene ; - 

X represente un groupe prolinyle ou un groupe az6tidinyl-2-carbonyle ; 
Y represente un groupe 
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oil 

R 3 represente un groups alkyle en C, - C 4 ; 
Z 1 represente une liaison ou un groupe -Cl-^- ; 
5 R 4 represents un groupe phenyle non-substitu6 ou monosubstitue ; et 

Z represente un groupe -NHR 2 ou 

R 2 represente un groupe -(C=0)R 5 , dans lequel R 5 represente un groupe h6terocyc!ique, bicyclique con- 
dense, non-substttu6 ou monosubstitue, a 9 ou a 1 0 membrse, contenant un atome d'azote, ou 
R 2 represente un groupe -SO2R 6 dans lequel R 5 represente un groupe alkyle en C-, - C 4 ; 6u 
10 R 3 et Z sont pris ensemble de facon a dormer un groupe azetidinyle, ou un noyau hdterocyclique, insature, 

non-substltu6, a 5 ou a 6 membres, contenant un ou deux atomes d'azote ; 

et en outre ou tout groupe aryle ou het6rocycle est non-substitu6 ou monosubstitue par un eubstituant qui 
va donner une structure stable, choisi independamment parml un atome d'halogene, un groupe hydroxyte, un 
*s groupe alkyle en 0^C 4 , un groupe alcoxy en C r C 4 , un groupe amino (-NHJ, un groupe mono(alkyle en G,-C 4 ) 
. amino, un groupe mercapto et un groupe (alkyle en C r C 4 )thio (-S(0) p (alkyle en Q,-C 4 )), uh groupe -NHSfpJp 
(alkyle en 0^-0 A ), un groupe -NHC(O) (alkyle en C^C^, un groupe -SfO^NHg, un groupe -S(0) p NH (alkyle en C.,- 
C 4 ) et un groupe -S(0) p N(aikyle en <VC 4 ) 2 , ou p vaut 0, 1 ou 2. 

20 2. Compose ou sel ou solvate de ce!ui-ci, selon la revendication 1 , ou 

R 1 represente un atome d'hydrogene ; 
Z represente un groupe -NHR 2 , ou 
R2 represente un groupe -C(C=0)R 5 ; . . 
25 R 3 represente un groupe alkyle en C, - C 4 ; 

Z 1 represente un groupe -CH 2 - ; 

R 4 represente un groupe phenyls non-substitu6 ou monosubstitu6 ; 

R 5 represente un groupe alcoxy en C-, - C 4 , ou un groupe h6t6rocyc!ique, bicyclique condense, a 9 ou a 10 
membres, non-substitu6 ou monosubstitue, pr6ssntant un atoms d'azote ; et les sels et solvates pharmaceu- 
tic tiquement acceptables de celui-ci. 

3. Compose ou sel ou solvate de celui-ct, selon la revendication 1 , ou 

R 1 represente un atome d'hydrogene ; 
3$ Z represente un groupe -NHR 2 , ou 

R 2 represents un groupe -S0 2 R 6 r 

R 3 represente un groupe alkyle en - C 4 . 

R 4 represents un groupe phenyle non-substitue ou monosubstitue ; 

R 6 represente un groupe alkyle en C, - C 4 . 
40 ■ 

4. Compose ou sel ou solvate de celui-ci, selon la revendication 1, ou 

R 1 repressnte un atome d'hydrogene ; . 
Z represente un groupe -NHR 2 ; 
45 R 4 represente un groupe phenyle non-substitue ou monosubstitue ; et 

R 3 et Z sont pris ensemble de facon a donner un groupe azetidinyle, ou un noyau h6t6rocyclique non-substitue 
a 5 ou a 6 membres, pr6sentant un ou deux atomes d'azote. 

5. Compose ou sel ou solvate de celui-ci t selon Tuns quelconqus des revendications 1 a 4, ou 

so 

groupe alkyle en tant que tel ou comme partie d*un autre substituant represents un groupe methyle, un groupe 
ethyle, un groupe n-propyle, un groupe isopropyle, un groupe n-butyle, un groupe.t-butyle, un groupe isobutyle 
ou un groupe sec.-butyle ; et 

atome cfhalogene signifie un atome de chlore, un atome de fluor, un atome de brome ou un atome d'iode ; 
55 un noyau h6t6rocyclique a 9 ou a 10 membres represente un groupe indolyle, un groupe quinolinyle ou un 

groupe isoquinolinyle ; 

et en outre ou tout groupe aryle ou heterocycle est non-substitu6 ou monosubstitue par un substituant qui 
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